
�����������	��
��	��	����	� ��������������	

����������	��
�����


������
����������
��
������	

��	������������������


���������	�

����	������������	�������	������
����
���

�������������������

 	�!�"�����#$%&'


��������(�

��)�*������������	��
��	��	����	�

�&��*	+
����,��"�������--&

�	���	"��.��/�/��

������(���-�"�-&&-

�����������	
����
����������
�������
���������� ������������������



7$%/(�2)�&217(176

3DJH

/,67�2)�$&521<06�$1'�7(506�������������������������������������������������������������������L

��� (;(&87,9(�6800$5< ������������������������������������������������������������������������

��� ,1752'8&7,21 �����������������������������������������������������������������������������������

�����%DFNJURXQG �������������������������������������������������������������������������������������������

�����'HVFULSWLRQ�RI�WKH�´IRUPHUµ�1RUWKHUQ�$GD�&RXQW\�PM10 1RQ�$WWDLQPHQW�$UHD ����������

�����$SSOLFDEOH�&$$�5HTXLUHPHQWV��������������������������������������������������������������������

�����$SSOLFDEOH�(3$�*XLGDQFH�'RFXPHQWV �����������������������������������������������������������

��� ��6HWWOHPHQW�$JUHHPHQW�EHWZHHQ�,GDKR�&OHDQ�$LU�)RUFH�HW�DO�DQG

8�6��(3$ ���������������������������������������������������������������������������������������� ����

�����2UJDQL]DWLRQ�RI�WKH�1RUWKHUQ�$GD�&RXQW\�PM10 0DLQWHQDQFH�6,3���������������������� ����

��� $,5�48$/,7<���������������������������������������������������������������������������������������

��� ���0RQLWRULQJ�1HWZRUN �������������������������������������������������������������������������������

��� ���+LVWRULFDO�30���$LU�4XDOLW\�'DWD����������������������������������������������������������������

��� ���6XPPDU\�RI�0HWHRURORJLFDO�'DWD ���������������������������������������������������������������

��� (0,66,21�,19(1725<�������������������������������������������������������������������������

��� ��������%DVH�<HDU�$QQXDO�DQG�(SLVRGH�(PLVVLRQ�,QYHQWRULHV ��������������������������������

��� ���3URMHFWHG�,QYHQWRULHV�������������������������������������������������������������������������������
��� ���0RWRU�9HKLFOH�(PLVVLRQ�%XGJHWV����������������������������������������������������������������

�������5HTXLUHPHQWV ����������������������������������������������������������������������������������

�������09(%�IRU�30���������������������������������������������������������������������������������

�������09(%�IRU�12[�DQG�92& ������������������������������������������������������������������

�������6XPPDU\�DQG�&RQFOXVLRQV ������������������������������������������������������������������

��� &21752/�0($685(6 ��������������������������������������������������������������������������

�����5HDVRQDEO\�$YDLODEOH�&RQWURO�0HDVXUHV��5$&0V�� ������������������������������������������

�����3HUPDQHQW�DQG�(QIRUFHDEOH�&RQWURO�0HDVXUHV �������������������������������������������������

�����&RQWLQJHQF\�0HDVXUHV ������������������������������������������������������������������������������

��� 0$,17(1$1&(�'(021675$7,21��������������������������������������������������������

������$LU�4XDOLW\�0RGHOLQJ ������������������������������������������������������������������������������

�������0RGHO�6HOHFWLRQ������������������������������������������������������������������������������



�������(SLVRGH�6HOHFWLRQ ����������������������������������������������������������������������������

�������0RGHOLQJ�'HPRQVWUDWLRQ�$SSURDFK ������������������������������������������������������

�������(SLVRGLF�0RGHO�9HULILFDWLRQ���������������������������������������������������������������

�������0RGHOLQJ�5HVXOWV ����������������������������������������������������������������������������

�����5HFHSWRU�0RGHOLQJ�5HVXOWV�������������������������������������������������������������������� ����

�����$QQXDO�6SHFLDWHG�/LQHDU�5ROOEDFN�0RGHOLQJ ���������������������������������������������� ����

�������%DFNJURXQG ����������������������������������������������������������������������������� ����

�������5HVXOWV�RI�5ROOEDFN�0RGHOLQJ ������������������������������������������������������� ����

�����$QFLOODU\�0DLQWHQDQFH�'HPRQVWUDWLRQ�0RGHOLQJ ����������������������������������������� ����

�����&RQWLQXHG�$LU�0RQLWRULQJ�DQG�9HULILFDWLRQ�RI�$WWDLQPHQW������������������������������ ����

�����3HUPLWWLQJ�3URJUDP�WR�(QVXUH�WKDW�1HZ�6RXUFHV�ZLOO�QRW�-HRSDUGL]H

&RQWLQXHG�0DLQWHQDQFH���������������������������������������������������������������������� ����

�����&RPPLWPHQW�WR�5HYLHZ�DQG�8SGDWH�0DLQWHQDQFH�3ODQ���������������������������������� ����

�����$'0,1,675$7,9(�5(48,5(0(176����������������������������������������������������������

�����&RQVXOWDWLRQ�DQG�3XEOLF�1RWLILFDWLRQ�3URFHGXUHV ����������������������������������������������

�����3URKLELWLRQ�RI�6RXUFHV�IURP�,PSDFWLQJ�2WKHU�6WDWHV ������������������������������������������

�����$VVXUDQFH�RI�$GHTXDWH�)XQGLQJ��3HUVRQQHO��DQG�$XWKRULW\ ���������������������������������

�����&RQWURO�5HTXLUHPHQWV�$SSOLHG�WR�0DMRU�6RXUFHV�RI�30���3UHFXUVRUV ���������������������

�����$SSOLFDEOH�,GDKR�$GPLQLVWUDWLYH�&RGH�����������������������������������������������������������

��� &21&/86,216�$1'�5(48(67�)25�5('(6,*1$7,21 ����������������������������

$33(1',&(6

$SSHQGL[�$� 'HYHORSPHQW�RI�%DVH�DQG�)XWXUH�<HDU�(PLVVLRQ�,QYHQWRULHV

IRU�WKH�1RUWKHUQ�$GD�&RXQW\�30�� �6,3�0DLQWHQDQFH�3ODQ��(19,521��

$SSHQGL[�%� 'LVSHUVLRQ�0RGHOLQJ�IRU�WKH�30�� 0DLQWHQDQFH�6,3��(19,521�

$SSHQGL[�&� 'HYHORSPHQW�2I�7KH�1RUWKHUQ�$GD�&RXQW\�30�� �0DLQWHQDQFH�3ODQ�

6XSSOHPHQWDO�5HSRUW�IRU�3DUW����0HWHRURORJLFDO�0RGHOLQJ�)RU�7KH�30���

0DLQWHQDQFH�6,3��(19,521

$SSHQGL[�'� &0%�5HFHSWRU�0RGHOLQJ�IRU�%RLVH�30��0DLQWHQDQFH�6,3�

&RRSHU�(QYLURQPHQWDO�6HUYLFHV�

$SSHQGL[�(� 5ROOEDFN�$QDO\VLV�)RU�30��&RQFHQWUDWLRQV�LQ�$GD�&RXQW\��,GDKR�

<D\L�'RQJ��,'(4�

$SSHQGL[�)� 7UHDVXUH�9DOOH\�5RDG�'XVW�6WXG\��)LQDO�5HSRUW��'HVHUW�5HVHDUFK�,QVWLWXWH�

$SSHQGL[�*� 6HWWOHPHQW�$JUHHPHQW��,GDKR�&OHDQ�$LU�)RUFH�HW�DO�DQG�8�6��(3$

$SSHQGL[�+� -RKQ�&DOFDJQL�PHPR�RI�6HSWHPEHU���������RQ�3URFHGXUHV�IRU�3URFHVVLQJ

5HTXHVW�WR�5HGHVLJQDWH�$UHDV�WR�$WWDLQPHQW��

$SSHQGL[�,� 3XEOLF�&RPPHQW�1RWLFH��3XEOLF�+HDULQJ�$JHQGD��DQG�7UDQVFULSW

RI�6HSWHPEHU���3XEOLF�+HDULQJ�

$SSHQGL[�-� $QFLOODU\�0DLQWHQDQFH�'HPRQVWUDWLRQ�0RGHOLQJ



7$%/(6

7DEOH����� &XUUHQW�30��� PRQLWRULQJ�VLWHV�LQ�$GD�DQG

&DQ\RQ�FRXQWLHV��DV�RI�-XO\��������� �����������������������������������������������������

7DEOH����� <HDUV�PRQLWRULQJ�VLWHV�ZHUH�LQ�RSHUDWLRQ�LQ�1RUWKHUQ�$GD

DQG�&DQ\RQ�FRXQWLHV��DV�RI�-XO\���������������������������������������������������������

7DEOH����� ([FHHGDQFH�YDOXHV�RI�30���PHDVXUHG�LQ�1RUWKHUQ�$GD�&RXQW\���������������������

7DEOH����� +LVWRULFDO�30���DLU�TXDOLW\�PRQLWRULQJ�GDWD�LQ�WKH�$GD�DQG�&DQ\RQ�FRXQWLHV�����

7DEOH���� �����DQQXDO�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG������ ����

7DEOH���� �����HSLVRGH�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG��

(PLVVLRQV�DUH�IRU�WKH�KLJKHVW�FRQFHQWUDWLRQ�GD\��)ULGD\��'HF����������������� ����

7DEOH���� *URZWK�IDFWRUV�XVHG�LQ�IXWXUH�\HDU�HPLVVLRQ�LQYHQWRU\�SURMHFWLRQV������������ ����

7DEOH���� �����DQQXDO�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG������ ����

7DEOH���� �����DQQXDO�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG������ ����

7DEOH���� �����DQQXDO�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG������ ����

7DEOH���� �����HSLVRGH�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG�

(PLVVLRQV�FRUUHVSRQG�WR�WKH�PHWHRURORJ\�RQ�WKH�KLJKHVW�REVHUYHG

FRQFHQWUDWLRQ�GD\�LQ�WKH������HSLVRGH��-DQXDU\����������������������������������� ����

7DEOH���� �����HSLVRGH�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG�

(PLVVLRQV�FRUUHVSRQG�WR�WKH�PHWHRURORJ\�RQ�WKH�KLJKHVW�REVHUYHG

FRQFHQWUDWLRQ�GD\�LQ�WKH������HSLVRGH��-DQXDU\����������������������������������� ����

7DEOH���� �����HSLVRGH�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG�

(PLVVLRQV�FRUUHVSRQG�WR�WKH�PHWHRURORJ\�RQ�WKH�KLJKHVW�REVHUYHG

FRQFHQWUDWLRQ�GD\�LQ�WKH������HSLVRGH��-DQXDU\����������������������������������� ����

7DEOH������ %DVH�DQG�IXWXUH�\HDU�DQQXDO�HPLVVLRQ�LQYHQWRULHV�IRU�$GD�&RXQW\��73<����� ����

7DEOH���� 'DLO\�H[FHHGDQFHV�RI�30���LQ�$GD�&RXQW\��,GDKR��ZLWK�DVVRFLDWHG

PHWHRURORJLFDO�GDWD� �������������������������������������������������������������������������

7DEOH���� 3UHGLFWHG�SHDN����KRXU�30����µJ�P���LQ�$GD�&RXQW\�LQ�WKUHH

IXWXUH�\HDUV�RYHU�WKH�-DQXDU\������DQG�'HFHPEHU�����

PHWHRURORJLFDO�HSLVRGHV���������������������������������������������������������������������

7DEOH����� 3UHGLFWHG�SHDN����KRXU�30����µJ�P���LQ�1RUWKHUQ�$GD

&RXQW\�LQ�WKUHH�IXWXUH�\HDUV�RYHU�WKH�-DQXDU\�����

PHWHRURORJLFDO�HSLVRGH���7KLV�FDVH�LQFOXGHG�D�����YROXQWDU\

UHGXFWLRQ�LQ�UHVLGHQWLDO�ZRRG�VPRNH�HPLVVLRQV�LQ�$GD�&RXQW\���������������� �����

7DEOH����� 3UHGLFWHG�30�� OHYHOV�E\�UROOEDFN�PRGHOLQJ���J�P��� ���������������������������� ����



),*85(6

)LJXUH����� 0DS�RI�WKH�%RLVH�0HWURSROLWDQ�VWDWLVWLFDO�DUHD������������������������������������������

)LJXUH����� 1RUWKHUQ�$GD�&RXQW\�IRUPHU�QRQDWWDLQPHQW�DUHD ��������������������������������������

)LJXUH����� 5HODWLYH�FRQWULEXWLRQ�LQ������RI�PDMRU�VRXUFH�FDWHJRULHV

WR�WRWDO�HPLVVLRQV�RI�HDFK�SROOXWDQW �������������������������������������������������������

)LJXUH����� 5HODWLYH�HPLVVLRQV�FRQWULEXWLRQ�GXULQJ�WKH�'HFHPEHU����

�����HSLVRGH�GD\�E\�PDMRU�VRXUFHV�FDWHJRULHV������������������������������������������

)LJXUH����� 5HODWLYH�FRQWULEXWLRQ�LQ������RI�PDMRU�VRXUFH�FDWHJRULHV

WR�WRWDO�HPLVVLRQV�RI�HDFK�SROOXWDQW� ������������������������������������������������������

)LJXUH����� 5HODWLYH�HPLVVLRQV�FRQWULEXWLRQ�IRU�WKH������HSLVRGH

E\�PDMRU�VRXUFHV�FDWHJRULHV ����������������������������������������������������������������

)LJXUH����� $YHUDJH�REVHUYHG�DQG�SUHGLFWHG�30����DQG�30���PDVV

EXGJHWV�RYHU�'HFHPEHU������������� ����������������������������������������������������

)LJXUH����� 6SDWLDO�GLVWULEXWLRQ�RI�SUHGLFWHG����KRXU�30���RQ�-DQXDU\���

�����IRU�WKH������IXWXUH�\HDU�XQFRQWUROOHG�FDVH���7KH�PD[LPXP

QRWHG�DW�������µJ�P� �LV�SUHGLFWHG�LQ�&DQ\RQ�&RXQW\��WKH

PD[LPXP�LQ�1RUWKHUQ�$GD�&RXQW\�LV�����µJ�P�� �������������������������������������

)LJXUH���� 6SDWLDO�GLVWULEXWLRQ�RI�SUHGLFWHG����KRXU�30���RQ�-DQXDU\���

�����IRU�WKH������IXWXUH�\HDU�FDVH�ZLWK�YROXQWDU\�EXUQ�EDQ

DSSOLHG�LQ�1RUWKHUQ�$GD�&RXQW\��7KH�PD[LPXP�QRWHG�DW

������µJ�P� LV�SUHGLFWHG�LQ�&DQ\RQ�&RXQW\��WKH�PD[LPXP�LQ

1RUWKHUQ�$GD�&RXQW\�LV�����µJ�P��������������������������������������������������� ����

)LJXUH����� &RPSDULVRQ�RI�&0%�(,6�UHVXOWV�IRU�WKH�WZR�KLJKHVW�30���GD\V

LQ�WKH�'HFHPEHU������VWXG\�SHULRG�ZLWK�WKH�WZR�KLJKHVW�30��

H[FHHGDQFH�GD\V�LQ�������������������������������������������������������������������� ����

)LJXUH����� 3UHGLFWLRQ�RI�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQV�E\�VSHFLDWHG�UROOEDFN

PRGHOLQJ���7KH�YDOXHV�IRU�\HDU������ZHUH�PHDVXUHG����������������������������� ����
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7KH�&OHDQ�$LU�$FW��&$$��DPHQGPHQWV�RI�������6HFWLRQ�����G�����(���VWDWHV�WKDW�DQ�DUHD�FDQ

EH�UHGHVLJQDWHG�WR�DWWDLQPHQW�VWDWXV�LI�VSHFLILF�FRQGLWLRQV�DUH�PHW�

• 7KH�$GPLQLVWUDWRU�RI�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��GHWHUPLQHV

WKDW�WKH�DUHD�KDV�DWWDLQHG�WKH�1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUGV��1$$46�

• 7KH�$GPLQLVWUDWRU�KDV�IXOO\�DSSURYHG�WKH�DSSOLFDEOH�LPSOHPHQWDWLRQ�SODQ�IRU�WKH�DUHD

XQGHU�6HFWLRQ�����N�

• 7KH�$GPLQLVWUDWRU�GHWHUPLQHV�WKDW�WKH�LPSURYHPHQW�LQ�DLU�TXDOLW\�LV�GXH�WR�SHUPDQHQW

DQG�HQIRUFHDEOH�UHGXFWLRQV�LQ�HPLVVLRQV�UHVXOWLQJ�IURP�LPSOHPHQWDWLRQ�RI�WKH�DSSOLFDEOH

LPSOHPHQWDWLRQ�SODQ�DQG�DSSOLFDEOH�)HGHUDO�DLU�SROOXWDQW�FRQWURO�UHJXODWLRQV�DQG�RWKHU

SHUPDQHQW�DQG�HQIRUFHDEOH�UHGXFWLRQV

• 7KH�$GPLQLVWUDWRU�KDV�IXOO\�DSSURYHG�D�PDLQWHQDQFH�SODQ�IRU�WKH�DUHD�DV�PHHWLQJ�WKH

UHTXLUHPHQWV�RI�6HFWLRQ����$

• 7KH�6WDWH�FRQWDLQLQJ�VXFK�DUHD�KDV�PHW�DOO�UHTXLUHPHQWV�DSSOLFDEOH�XQGHU�6HFWLRQ����

DQG�SDUW�'�

7KLV�GRFXPHQW�GHPRQVWUDWHV�WKDW�DOO�RI�WKHVH�&$$�UHTXLUHPHQWV�IRU�DWWDLQPHQW�KDYH�EHHQ�PHW�

VXPPDUL]HV�WKH�SURJUHVV�RI�WKH�DUHD�LQ�DWWDLQLQJ�WKH�DQQXDO�DQG����KRXU�30���VWDQGDUGV��DQG

LQFOXGHV�D�PDLQWHQDQFH�SODQ�WR�HQVXUH�FRQWLQXHG�DWWDLQPHQW�IRU�WHQ�\HDUV�DIWHU�WKH

UHGHVLJQDWLRQ���7KH�GRFXPHQW�LV�D�IRUPDO�UHTXHVW�WR�WKH�8�6��(3$�WR�UHGHVLJQDWH�WKH�IRUPHU

1RUWKHUQ�$GD�&RXQW\��,GDKR�30��1RQDWWDLQPHQW�DUHD�WR�DWWDLQPHQW�RI�WKH�KHDOWK�EDVHG����

KRXU�DYHUDJH�DQG�DQQXDO�DYHUDJH�30�� 1$$46�

7KH�1RUWKHUQ�$GD�&RXQW\�DUHD�KDV�EHHQ�LGHQWLILHG�DV�D�30���DUHD�RI�FRQFHUQ�VLQFH�WKH

SURPXOJDWLRQ�RI�WKH�30���1$$46�LQ�������DQG�ZDV�IRUPDOO\�GHVLJQDWHG�DV�D�PRGHUDWH�30��

QRQDWWDLQPHQW�DUHD�XSRQ�SDVVDJH�RI�WKH������&$$���,GDKR�GHYHORSHG�D�6WDWH�,PSOHPHQWDWLRQ

3ODQ��6,3���LQFOXGLQJ�WZR�UHYLVLRQV��DQG�VXEPLWWHG�WKHP�WR�(3$�LQ�1RYHPEHU�������'HFHPEHU

������DQG�-XO\��������(3$�JDYH�ILQDO�DSSURYDO�WR�WKH�1RUWKHUQ�$GD�&RXQW\�6,3�LQ�0D\������

(3$�UHYLVHG�WKH�30���1$$46�LQ������DQG�,GDKR�GHPRQVWUDWHG�WR�WKH�(3$·V�VDWLVIDFWLRQ�WKDW

LW�FRPSOLHG�ZLWK�WKH�QHZ�VWDQGDUG���$V�D�UHVXOW��(3$�UHVFLQGHG�WKH�DSSOLFDELOLW\�RI�WKH�30��

1$$46�LQ�1RUWKHUQ�$GD�&RXQW\�RQ�0DUFK������������6KRUWO\�WKHUHDIWHU��OLWLJDWLRQ�DW�WKH

QDWLRQDO�OHYHO�YDFDWHG�WKH�QHZ�30���1$$46���6XEVHTXHQWO\��OLWLJDWLRQ�E\�WKH�,GDKR�&OHDQ�$LU

)RUFH�DQG�RWKHUV�WR�KDYH�(3$�UHVWRUH�WKH�IHGHUDO�VWDQGDUGV�WR�1RUWKHUQ�$GD�&RXQW\�UHVXOWHG

LQ�D�VHWWOHPHQW�DJUHHPHQW�WR�UHTXLUH�,GDKR�VXEPLW�D�30���0DLQWHQDQFH�6,3�E\�6HSWHPEHU����

�����DQG�IRU�WKH�(3$�WR�WDNH�ILQDO�DFWLRQ�ZLWKLQ�RQH�\HDU���7KLV�GRFXPHQW��ZLWK�LWV�UHYLVLRQV

IROORZLQJ�SXEOLF�KHDULQJ�DQG�FRPPHQW��ZLOO�VHUYH�DV�WKH�6WDWH·V�VXEPLWWDO�

7KH�30���1$$46�DUH�VHW�DW������J�P��IRU�WKH����KRXU�DYHUDJH��PHDVXUHG�IURP�PLGQLJKW�WR

PLGQLJKW��DQG�����J�P� IRU�WKH�DQQXDO�DYHUDJH��EDVHG�RQ�WKH�FDOHQGDU�\HDU��)RXU�PRQLWRULQJ

VLWHV�LQ�1RUWKHUQ�$GD�&RXQW\�KDYH�QLQH�RU�PRUH�\HDUV�RI�GDWD�GXULQJ�WKH�����������WLPH
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SHULRG���6LQFH�������VHYHQ�YDOXHV�H[FHHGLQJ�WKH����KRXU�VWDQGDUG�KDYH�EHHQ�UHFRUGHG�LQ�WKH

1RUWKHUQ�$GD�&RXQW\�DUHD���:LWK�RQH�H[FHSWLRQ��WKH�H[FHHGDQFHV�ZHUH�DOO�PHDVXUHG�LQ�ZLQWHU

PRQWKV��-DQXDU\���DQG�ZHUH�DOO�UHFRUGHG�LQ������RU�HDUOLHU���7KH�KLJKHVW�PHDVXUHG����KRXU

30���YDOXH�ZDV������J�P��PHDVXUHG�DW�WKH�GRZQWRZQ�%RLVH�ILUH�VWDWLRQ�LQ�-DQXDU\������

:LWK�WKH�H[FHSWLRQ�RI�DQ�DJULFXOWXUDO�LQIOXHQFHG�H[FHHGDQFH�LQ�������QR�H[FHHGDQFHV�KDYH

EHHQ�UHFRUGHG�VLQFH�������1RUWKHUQ�$GD�&RXQW\�KDV�H[FHHGHG�WKH�DQQXDO�VWDQGDUG�30���RI���

�J�P� RQO\�RQFH��LQ��������)LQDOO\��WKH�PD[LPXP�30���FRQFHQWUDWLRQ�PHDVXUHG�LQ�1RUWKHUQ

$GD�&RXQW\�LQ������ZDV�����J�P���PHDVXUHG�DW�WKH�GRZQWRZQ�%RLVH�ILUH�VWDWLRQ��7KH�DQQXDO

DULWKPHWLF�PHDQ�IRU������DW�WKLV�VLWH�ZDV�������J�P����7KXV��WKH�WKUHH�\HDU�DYHUDJH����KRXU

YDOXH�ZDV�OHVV�WKDQ�RQH�H[FHHGDQFH�SHU�\HDU�DQG�WKH�WKUHH�\HDU�DQQXDO�DYHUDJH�ZDV�OHVV�WKDQ

����J�P����%DVHG�XSRQ�PRQLWRULQJ�GDWD��WKH�DUHD�FOHDUO\�KDV�DWWDLQHG�WKH����KRXU�DQG�DQQXDO

30���1$$46�

(PLVVLRQ�LQYHQWRULHV�ZHUH�GHYHORSHG�IRU�GLUHFW�HPLVVLRQV�RI�30����DQG�IRU�30���SUHFXUVRUV�²

QLWURJHQ�R[LGHV��12[���VXOIXU�R[LGHV��62[���YRODWLOH�RUJDQLF�FRPSRXQGV��92&V���FDUERQ

PRQR[LGH��&2���DQG�DPPRQLD��1+������$QQXDO�HPLVVLRQV�ZHUH�HVWLPDWHG�IRU�WKH������EDVH

\HDU��DQG�IRU�WKUHH�IXWXUH�\HDUV�²�������������DQG��������)RU�RQ�URDG�PRELOH�VRXUFHV��WKH

02%,/(��DQG�3$57� �HPLVVLRQ�IDFWRU�PRGHOV�ZHUH�XVHG��(SLVRGLF�HPLVVLRQ�LQYHQWRULHV�ZHUH

GHYHORSHG�XVLQJ�PHWHRURORJLFDO�GDWD�IURP�KLVWRULFDO�ZRUVW�FDVH�HSLVRGHV���7KH������HSLVRGH

ZDV�IRU�WKH�VHYHQ�GD\�SHULRG�'HFHPEHU����WKURXJK�'HFHPEHU����

)RU�IXWXUH�\HDU�DLU�TXDOLW\�PRGHOLQJ��HPLVVLRQV�ZHUH�SURMHFWHG�WR�WKH�IXWXUH�\HDUV�XVLQJ

PHWHRURORJ\�IURP�WKH�ZRUVW�FDVH�HSLVRGH�WKDW�RFFXUUHG�GXULQJ�WKH�QLQH�GD\�SHULRG�-DQXDU\���

����������$QQXDO�30���HPLVVLRQV�DUH�SULPDULO\�IURP�IXJLWLYH�URDG�GXVW�DQG�DJULFXOWXUDO

DFWLYLWLHV���$QQXDO�DQG�HSLVRGLF�12;�HPLVVLRQV�DUH�SULPDULO\�IURP�RQ�URDG�DQG�RII�URDG

PRELOH�VRXUFHV���2Q�WKH�'HFHPEHU����������HSLVRGH�GD\��DOPRVW����SHUFHQW�RI�WKH�30��

HPLVVLRQV�DUH�IURP�IXJLWLYH�URDG�GXVW��DQG�DERXW���SHUFHQW�RI�WKH�HPLVVLRQV�DUH�IURP

UHVLGHQWLDO�ZRRG�FRPEXVWLRQ��8VLQJ�(3$�JXLGDQFH��IXWXUH�\HDU�SRLQW�VRXUFH�HPLVVLRQV�DUH�DW

SHUPLWWHG�RU�DOORZDEOH�OHYHOV��ZKLOH�WKH�EDVH�\HDU�HPLVVLRQV�DUH�DFWXDO�OHYHOV��UHVXOWLQJ�LQ�D

VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�EDVH�\HDU�DQG�IXWXUH�\HDU�VWDWLRQDU\�VRXUFH�LQYHQWRULHV�

+RZHYHU��LQ�DFWXDOLW\�LW�LV�H[SHFWHG�WKDW�JURZWK�RI�SRLQW�VRXUFHV�ZLOO�EH�PXFK�OHVV�WKDQ�WKH

FXUUHQWO\�SHUPLWWHG�OHYHOV�

8QGHU�6HFWLRQ�����F��RI�WKH�&$$��WUDQVSRUWDWLRQ�SODQV��SURJUDPV��DQG�SURMHFWV�LQ�PDLQWHQDQFH

DUHDV�PXVW�FRQIRUP�WR�WKH�RQ�URDG�PRWRU�YHKLFOH�HPLVVLRQV�EXGJHWV��09(%��VSHFLILHG�LQ�WKH

DSSOLFDEOH�6,3���7KH�09(%�IRU�30�� LV�FRPSULVHG�RI�WKH�IXJLWLYH�GXVW�IURP�SDYHG�DQG

XQSDYHG�URDGV��DQG�WKH�YHKLFOH�HPLVVLRQV��H[KDXVW��WLUH�ZHDU��DQG�EUDNH�ZHDU����7KH�EXGJHW

RQO\�DSSOLHV�WR�1RUWKHUQ�$GD�&RXQW\��DQG�WR�WKH�PDLQWHQDQFH�\HDU����������7KH������09(%

LV������WRQV�SHU�GD\�30�����+RZHYHU��D�����VDIHW\�PDUJLQ�KDV�EHHQ�DGGHG�WR�DFFRXQW�IRU�WKH

ORQJHU�WLPH�IUDPHV�UHTXLUHG�E\�)HGHUDO�WUDQVSRUWDWLRQ�ODZ�LQ�DGRSWLQJ�5HJLRQDO�7UDQVSRUWDWLRQ

3ODQV���7KH�09(%�IRU�$GD�&RXQW\�IRU�WUDQVSRUWDWLRQ�FRQIRUPLW\�SXUSRVHV�DUH���30�������

WSG��92&������WSG��DQG�12[������WSG�

7KH�HIIRUW�WR�GHPRQVWUDWH�DWWDLQPHQW�DQG�PDLQWHQDQFH�RI�WKH�30���VWDQGDUG�LQYROYHG�WKH�XVH�RI

UROOEDFN��UHFHSWRU��DQG�GLVSHUVLRQ�PRGHOV��7KH�HSLVRGLF�GLVSHUVLRQ�PRGHO�VHOHFWHG�IRU�WKLV

VWXG\�ZDV�&$0[��D�(XOHULDQ��JULGGHG��SKRWRFKHPLFDO�PRGHO�ZLWK�D�UHGXFHG�IRUP�DHURVRO

FKHPLVWU\�DOJRULWKP���7KH�PRGHOLQJ�JULG�GRPDLQ�ZDV�FRQILJXUHG�WR�FRYHU�WKH�IRFXV�DUHD�RI

$GD�DQG�&DQ\RQ�FRXQWLHV��DQG�VXUURXQGLQJ�HQYLURQV��ZLWK���NP�JULG�FHOO�VL]H���7KH�YHUWLFDO
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GHSWK�RI�WKH�GRPDLQ�H[WHQGHG�IURP�WKH�VXUIDFH�WR�DERXW������PHWHUV���0HWHRURORJLFDO

FRQGLWLRQV�OHDGLQJ�WR�PHDVXUHG����KRXU�30���H[FHHGDQFHV�LQ�$GD�&RXQW\�ZHUH�H[DPLQHG�WR

GHWHUPLQH�DQ�DSSURSULDWH�ZRUVW�FDVH�PHWHRURORJLFDO�HSLVRGH�IRU�DWWDLQPHQW�GHPRQVWUDWLRQ

SXUSRVHV���%DVHG�XSRQ�WKH�DQDO\VLV�RI�WKH�KLVWRULFDO�PHWHRURORJLFDO�FRQGLWLRQV�IRU�IRXU

FDQGLGDWH�HSLVRGHV��'(4�VHOHFWHG�WKH�-DQXDU\������HSLVRGH�DV�WKH�ZRUVW�FDVH�HSLVRGH�WR�EH

XVHG�IRU�WKH�DWWDLQPHQW�GHPRQVWUDWLRQ�PRGHOLQJ���*LYHQ�WKH�GDWD�FRQVWUDLQWV�RI�WKH�����

HSLVRGH��WKH�LPSURYHG�30�DQG�PHWHRURORJLFDO�PHDVXUHPHQW�GDWDEDVH�DYDLODEOH�IURP�WKH

����������'5,�7UHDVXUH�9DOOH\�6HFRQGDU\�$HURVRO�6WXG\��DQG�WKH�QHHG�IRU�DQ�XSGDWHG�����

HPLVVLRQV�LQYHQWRU\�ZLWK�VLJQLILFDQWO\�PRUH�GHWDLO��LW�ZDV�GHFLGHG�WKDW�WKH�EDVH�\HDU�GLVSHUVLRQ

PRGHO�SHUIRUPDQFH�HYDOXDWLRQ�ZRXOG�EH�FRQGXFWHG�IRU�WKH�'HFHPEHU�������������HSLVRGH��7KH

PD[LPXP�PRGHOHG�FRQFHQWUDWLRQV�IRU�DOO�IXWXUH�\HDU�VFHQDULRV�XQGHU�WKH�PHWHRURORJLFDO

FRQGLWLRQV�RI�WKH�'HFHPEHU������SHULRG�DOO�RFFXU�RQ�'HFHPEHU���������������DQG�����µJ�P���

1R�GD\V�LQ�WKH�'HFHPEHU������HSLVRGH�DUH�SUHGLFWHG�WR�EH�RYHU�WKH�VWDQGDUG�LQ�DQ\�IXWXUH

\HDU���(SLVRGLF�UROOEDFN�PRGHOLQJ�FRQGXFWHG�E\�WKH�'(4�DOVR�VXSSRUWHG�WKHVH�FRQFOXVLRQV�

7KH�UROOEDFN�PRGHO�SUHGLFWHG�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQ�LQ�WKH�7UHDVXUH�9DOOH\�IRU

�����LV�����J�P����$FFRUGLQJ�WR�WKH�GDWD�FROOHFWHG�IURP������WKURXJK�������WKH�30��

FRQFHQWUDWLRQ�UHPDLQHG�YLUWXDOO\�FRQVWDQW�ZKHQ�WKH�KLJKHVW�����RI�GD\V�ZHUH�ILOWHUHG�RXW�

DOWKRXJK�WKH�DUHD�ZDV�JURZLQJ�FRQVLVWHQWO\���7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�FRQWURO�RI�HSLVRGLF

HPLVVLRQV�GXULQJ�ZLQWHU�DQG�VXPPHU�IDOO�KLJK�30���HYHQWV�ZLOO�EH�HIIHFWLYH�LQ�ORZHULQJ�WKH

DQQXDO�DYHUDJH�FRQFHQWUDWLRQV�

7KH�&$$�UHTXLUHV�WKH�6WDWH�WR�PDNH�D�FRPPLWPHQW�WR�FRQWLQXHG�DLU�PRQLWRULQJ�DQG

YHULILFDWLRQ�RI�DWWDLQPHQW��ZKLFK�,GDKR�FRPPLWV�WR�LQ�WKLV�GRFXPHQW���7KH�'(4�DOVR�FRPPLWV

WR�VXEPLW�D�PDLQWHQDQFH�SODQ�IRU�WKH�VHFRQG�WHQ�\HDU�SHULRG�������������QR�ODWHU�WKDQ

6HSWHPEHU����������

7KH�FRQWURO�VWUDWHJ\�LQ�WKLV�0DLQWHQDQFH�3ODQ�GRFXPHQW�FRQVLVWV�RI�WKH�PHDVXUHV�LQ�WKH

DSSURYHG������DWWDLQPHQW�6,3�DQG�DGGLWLRQDO�FRQWLQJHQF\�PHDVXUHV���7KH�NH\������6,3

PHDVXUHV��UHYLVHG�DQG�HQKDQFHG�LQ�WKH������DQG������VXSSOHPHQWDO�VXEPLVVLRQV��DUH

UHVLGHQWLDO�ZRRG�EXUQLQJ�DQG�RSHQ�EXUQLQJ�SURJUDPV���%RWK�FRQVLVW�RI�YROXQWDU\�DQG

PDQGDWRU\�EDQV�LQ�WKH�YDULRXV�FRPPXQLWLHV�DQG�XQLQFRUSRUDWHG�DUHDV�RI�1RUWKHUQ�$GD�&RXQW\

GXULQJ�SHULRGV�RI�KLJK�30���OHYHOV��$GGLWLRQDOO\��'(4�LV�LQ�WKH�SURFHVV�RI�UHGXFLQJ�HPLVVLRQ

OLPLWV�RI�VHYHUDO�IDFLOLWLHV�WKDW�FXUUHQWO\�KDYH�ODUJH�DOORZDEOH�HPLVVLRQ�SHUPLWV��,Q�WRWDO����

SRLQW�VRXUFHV�UHTXLUHG�QHZ�SHUPLWV�WR�UHGXFH�DOORZDEOH�HPLVVLRQ�WR�PHHW�DLU�TXDOLW\�VWDQGDUGV�

,Q�DGGLWLRQ�WR�WKH����SRLQW�VRXUFHV�PHQWLRQHG�DERYH��WKH�$PDOJDPDWHG�6XJDU�&RPSDQ\

�7$6&2��LQ�&DQ\RQ�&RXQW\�ZDV�VKRZQ�WR�SRWHQWLDOO\�FRQWULEXWH�WR�30�� H[FHHGDQFHV�LQ�ERWK

$GD�DQG�&DQ\RQ�&RXQWLHV���7R�DGGUHVV�WKLV�SUREOHP��'(4�KDV�LVVXHG�D�QHZ�7LHU�,,�2SHUDWLQJ

3HUPLW�WKDW�UHTXLUHV�WKH�FRPSDQ\�WR�UHGXFH�HPLVVLRQV�VXIILFLHQWO\�WR�DGGUHVV�WKHVH�DLU�TXDOLW\

FRQFHUQV�

&RQWLQJHQF\�PHDVXUHV�LQ�WKH������6,3�LQFOXGH�RYHU�FRQWURO�LQ�WKH�ZRRG�VPRNH�SURJUDP�����

UHGXFWLRQ�YHUVXV�RQO\�QHHGLQJ����UHGXFWLRQ�WR�DWWDLQ�VWDQGDUG��DQG�D�UHGXFWLRQ�RI�IXJLWLYH�URDG

GXVW�WKURXJK�D�URDG�VZHHSLQJ�SURJUDP�GHVLJQHG�WR�UHGXFH�SDUWLFXODWH�HPLVVLRQV�WKURXJK

SULRULWL]LQJ�URDG�VZHHSLQJ�IRU�FHUWDLQ�SUREOHP�DUHDV���$GGLWLRQDO�FRQWLQJHQF\�PHDVXUHV

LQFOXGH�PDWHULDO�WUDQVSRUW�ORDG�FRYHULQJ��HOLPLQDWLRQ�RI�WUDFN�RXW�RQWR�SDYHG�URDGV��UHGXFHG

XQFRQWUROOHG�RXWGRRU�EXUQLQJ��H[SDQGLQJ�WKH�H[LVWLQJ�YHKLFOH�LQVSHFWLRQ�DQG�PDLQWHQDQFH��,�0�
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SURJUDP�LQ�$GD�&RXQW\��LQFOXGLQJ�FOHDQ�EXUQLQJ�ZRRGVWRYHV�LQ�PDQGDWRU\�EXUQ�EDQ

VLWXDWLRQV��DQG�ORFDO�RUGLQDQFHV�WR�SURKLELW�QHZ�XQSDYHG�URDGZD\V�RU�SDUNLQJ�ORWV�

,Q�FRQFOXVLRQ��WKLV�0DLQWHQDQFH�6,3�VKRZV�WKDW�WKH�DQQXDO�DQG����KRXU�30���1$$46�KDYH
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6HSWHPEHU ����

*�?,'(4 %RLVH?30 3ODQ?3ODQ GRFXPHQW?)LQDO?6HF�B$LU4XDOLW\�GRF ���

����$,5�48$/,7<

7KH�EDVLV�IRU�GHWHUPLQLQJ�WKH�DLU�TXDOLW\�RI�DQ\�DUHD�OLHV�LQ�WKH�FROOHFWLRQ�RI�DFFXUDWH�DQG

DGHTXDWH�PRQLWRULQJ�GDWD���'DWD�FROOHFWHG�IURP�DQ�DUHD·V�PRQLWRULQJ�QHWZRUN�DUH�XVHG�WR

HVWDEOLVK�DLU�TXDOLW\�WUHQGV��WR�GHWHUPLQH�LI�DQG�ZKHQ�DLU�TXDOLW\�VWDQGDUGV�DUH�H[FHHGHG��DQG�WR

DLG�LQ�WKH�GHYHORSPHQW�RI�DSSURSULDWH�DLU�TXDOLW\�FRQWURO�VWUDWHJLHV�ZKHQ�VWDQGDUGV�DUH

H[FHHGHG���/LNHZLVH��ORFDO�PHWHRURORJ\�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�DUHD·V�DLU�TXDOLW\�DQG

PHWHRURORJLFDO�GDWD�LV�H[WUHPHO\�LPSRUWDQW�LQ�FRQGXFWLQJ�PRGHOLQJ�VWXGLHV�DQG�LQWHUSUHWDWLRQ

RI�WKH�UHVXOWV�

����0RQLWRULQJ�1HWZRUN

7KH�,GDKR�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\��'(4��KDV�PRQLWRUHG�30���DW�YDULRXV

ORFDWLRQV�LQ�WKH�1RUWKHUQ�$GD�&RXQW\�DUHD�VLQFH�������7KURXJKRXW�PRVW�RI�WKH�SUHYLRXV

GHFDGH��WKH�SULPDU\�VLWHV�ZHUH�ORFDWHG�DW�0RXQWDLQ�9LHZ�6FKRRO��)LUH�6WDWLRQ�����/LEHUW\�)LUH

6WDWLRQ��DQG�0HULGLDQ��6LWHV�ZHUH�HVWDEOLVKHG�IRU�VKRUW�SHULRGV�DW�%HUJHVRQ�DQG�&ORYHUGDOH�

7KH�%HUJHVRQ�VLWH�RSHUDWHG�GXULQJ������RQO\�EHIRUH�EHLQJ�VKXW�GRZQ��7KH�&ORYHUGDOH�VLWH�

HVWDEOLVKHG�DV�D�EDFNJURXQG�VLWH�WR�WKH�VRXWK�DQG�ZHVW�RI�%RLVH��RSHUDWHG�EHWZHHQ������DQG

������,Q������'(4�DOVR�HVWDEOLVKHG�D�PRQLWRULQJ�VLWH�LQ�&DQ\RQ�&RXQW\�DW�WKH�1DPSD�)LUH

6WDWLRQ��LQ�WKH�&LW\�RI�1DPSD��,Q�������DQ�DGGLWLRQDO�VLWH�ZDV�HVWDEOLVKHG�LQ�%RLVH�DW�/HV�%RLV

6FKRRO��7KH�/LEHUW\�)LUH�6WDWLRQ�VLWH�ZDV�FORVHG�LQ�������WKH�0HULGLDQ�VLWH�ZDV�FORVHG�LQ

������DQG�)LUH�6WDWLRQ����PRQLWRUV�FHDVHG�RSHUDWLRQ�LQ������

7KH�FXUUHQW�$GD�&RXQW\�PRQLWRULQJ�QHWZRUN��DV�RI�-XO\�������LQFOXGHV�WKH�0RXQWDLQ�9LHZ

DQG�/HV�%RLV�VLWHV��ZLWK�DQ�DGGLWLRQDO�VLWH�RXWVLGH�RI�WKH�FRXQW\�LQ�1DPSD��+RZHYHU��WKH�/HV

%RLV�VLWH�LV�VFKHGXOHG�WR�VKXW�GRZQ�LQ��������7DEOH�����SURYLGHV�LQIRUPDWLRQ�RQ�WKH�VLWHV�DQG

RSHUDWLRQDO�FKDUDFWHULVWLFV�IRU�DLU�PRQLWRULQJ�LQ�$GD�DQG�&DQ\RQ�FRXQWLHV�

(DFK�PRQLWRULQJ�VLWH�FRQWDLQV�DW�OHDVW�RQH�VL]H�VHOHFWLYH�KLJK�YROXPH�VDPSOHU��RU�30���+L�9RO�

7KH�30���+L�9RO�RSHUDWHV�E\�SXOOLQJ�RXWVLGH�DLU�LQWR�WKH�VDPSOHU�DQG�WUDSSLQJ�WKH�SDUWLFXODWHV

RQ�D�TXDUW]�ILEHU�ILOWHU��7KH�VDPSOHU�XWLOL]HV�D�6LHUUD�$QGHUVRQ�VL]H�VHOHFWLYH�DLU�LQOHW�WR�UHVWULFW

WKH�VL]H�RI�LQFRPLQJ�SDUWLFOHV�WR�DQ�DHURG\QDPLF�GLDPHWHU�VPDOOHU�WKDQ�RU�HTXDO�WR�D�QRPLQDO

���PLFURPHWHUV��7KH�DLUIORZ�LQWR�WKH�30���+L�9RO�LV�DOVR�UHJXODWHG�DQG�PHDVXUHG�WR�GHWHUPLQH

WKH�WRWDO�DLUIORZ�WKURXJK�WKH�VDPSOHU��DQG�WR�FRQWURO�WKH�VL]H�RI�LQFRPLQJ�SDUWLFOHV��LQ

FRQMXQFWLRQ�ZLWK�WKH�LQOHW��7KH�30���+L�9RO�RSHUDWHV�IRU�D����KRXU�SHULRG�IURP�PLGQLJKW�WR

PLGQLJKW��7KH�WRWDO�DLUIORZ�DQG�WKH�PDVV�RI�30���FROOHFWHG�RQ�WKH�ILOWHUV�DUH�XVHG�WR�FDOFXODWH

WKH�PDVV�RI�30���SHU�YROXPH�RI�DLU��UHSRUWHG�LQ��J�P��

7DSHUHG�(OHPHQW�2VFLOODWLQJ�0LFUREDODQFH��7(20��PRQLWRUV�SURYLGH�FRQWLQXRXV��UHDO�WLPH

�LQVWDQWDQHRXV��GLUHFW�PHDVXUHPHQW�RI�30�� FRQFHQWUDWLRQV�DW�WKH�1DPSD�)LUH�6WDWLRQ�DQG�)LUH

6WDWLRQ����VLWHV��7KH�7(20�DW�)LUH�6WDWLRQ����ZDV�HVWDEOLVKHG�LQ�������DQG�FRQWLQXHV�WR

RSHUDWH��DOWKRXJK�WKH�)LUH�6WDWLRQ����+L�9RO�KDV�EHHQ�VKXW�GRZQ��7KH�1DPSD�7(20�ZDV

HVWDEOLVKHG�LQ�������7KH�RSHUDWLRQ�RI�WKH�7(20�SURYLGHV�D�XVHIXO�VXSSOHPHQW�WR�WKH�RIILFLDO

GDWD�FROOHFWHG�E\�WKH�30���+L�9ROV��SDUWLFXODUO\�RQ�GD\V�QRW�VFKHGXOHG�IRU�VDPSOLQJ��7KH

VLPXOWDQHRXV�RSHUDWLRQ�RI�7(20�DQG�30���+L�9ROV�FRQWULEXWH�WR�HVWDEOLVKLQJ�D�FRUUHODWLRQ

EHWZHHQ�GDWD�FROOHFWHG�E\�WKH�WZR�LQVWUXPHQWV��7KH�LQVWDQWDQHRXV�GDWD�LV�DOVR�XVHG�WR�SURYLGH



6HSWHPEHU ����

*�?,'(4 %RLVH?30 3ODQ?3ODQ GRFXPHQW?)LQDO?6HF�B$LU4XDOLW\�GRF ���

WKH�SXEOLF�ZLWK�GDLO\�UHSRUWV�RQ�DLU�SROOXWLRQ�OHYHOV��'(4�LV�FXUUHQWO\�GHYHORSLQJ�VWDQGDUG

RSHUDWLQJ�DQG�4$�4&�SURFHGXUHV�IRU�WKH�XVH�RI�7(20V�LQ�WKH�,GDKR�DLU�TXDOLW\�PRQLWRULQJ

QHWZRUN���7DEOH�����VXPPDUL]HV�WKH�PRQLWRULQJ�VLWHV�DQG�\HDUV�RI�RSHUDWLRQ�LQ�WKH�$GD�DQG

&DQ\RQ�FRXQW\�DUHD�

7DEOH�������&XUUHQW�30��� PRQLWRULQJ�VLWHV�LQ�$GD�DQG�&DQ\RQ�FRXQWLHV��DV�RI�-XO\��������

0RQLWRU /RFDWLRQ

0RQLWRU

7\SH�3XUSRVH 2SHUDWLRQDO 3HULRG 2SHUDWLRQDO 6FKHGXOH

0RXQWDLQ 9LHZ 6FKRRO

���� &DUEDUWRQ /DQH

�UHVLGHQWLDO�

1$06

6WDUWHG LQ ���� ���� ² �����

(YHU\ �WK GD\

���� ² �����

:LQWHU HYHU\ RWKHU

GD\

6XPPHU� HYHU\ �WK

GD\

���� ² FXUUHQW�

(YHU\ �UG GD\

/HV %RLV 6FKRRO

���� (� *UDQG )RUHVW 'U�

630 6WDUWHG LQ ����

6FKHGXOHG WR VKXW GRZQ

-DQXDU\� ����

(YHU\ �WK GD\

&XUUHQW PRQLWRUV RXWVLGH RI IRUPHU QRQDWWDLQPHQW DUHD� EXW ZLWKLQ VWXG\ DUHD�

1DPSD )LUH 6WDWLRQ

�VW 6WUHHW 6RXWK� 1DPSD

630 6WDUWHG LQ ���� (YHU\ �WK GD\

0RQLWRUV SUH�H[LVWLQJ LQ IRUPHU QRQDWWDLQPHQW DUHD�

)LUH 6WDWLRQ ��

��WK DQG *URYH

�GRZQWRZQ�

1$06

6WDUWHG LQ ���� DV 763

&KDQJHG WR 30�� LQ ����

&HDVHG RSHUDWLRQ 2FWREHU�

����

���� ² �����

:LQWHU HYHU\ RWKHU

GD\

6XPPHU� HYHU\ �WK

GD\

���� ²2FW� �����

(YHU\ �UG GD\

/LEHUW\ )LUH 6WDWLRQ

/LEHUW\ 6W� 	 )DLUYLHZ $YH�

�FRPPHUFLDO�

6/$06

6WDUWHG LQ ���� DV 763

&KDQJHG WR 30�� LQ ����

&HDVHG RSHUDWLRQ LQ ����

(YHU\ �WK GD\

0HULGLDQ

���� �VW 6WUHHW� 0HULGLDQ

�JHQHUDO VLWH�

FRPPHUFLDO

FRUULGRU�

6/$06

6WDUWHG LQ ����

&HDVHG RSHUDWLRQ LQ 0DUFK�

����

(YHU\ �WK GD\

&ORYHUGDOH

&ORYHUGDOH 5G 	 1LFKROVRQ

5G�

�EDFNJURXQG�

6/$06

6WDUWHG LQ ����

&HDVHG RSHUDWLRQ LQ -XO\� ����

(YHU\ �WK GD\

%HUJHVRQ

���� (� %HUJHVRQ

�UHVLGHQWLDO�

6/$06

6WDUWHG LQ 'HFHPEHU� ����

&HDVHG RSHUDWLRQ LQ

'HFHPEHU� ����

(YHU\ �WK GD\
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*�?,'(4 %RLVH?30 3ODQ?3ODQ GRFXPHQW?)LQDO?6HF�B$LU4XDOLW\�GRF ���

7DEOH�������<HDUV�PRQLWRULQJ�VLWHV�ZHUH�LQ�RSHUDWLRQ�LQ�1RUWKHUQ�$GD�DQG�&DQ\RQ�FRXQWLHV��DV

RI�-XO\��������
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

0W� 9LHZ

)6 ��

/LEHUW\

%HUJHVRQ

0HULGLDQ

1DPSD

&ORYHUGDOH

/HV %RLV

����+LVWRULFDO�30���$LU�4XDOLW\�'DWD

0RQLWRULQJ�GDWD�DUH�LQLWLDOO\�FROOHFWHG�DQG�UHSRUWHG�DV����KRXU�DYHUDJH�YDOXHV��7KH�GDLO\

DYHUDJH�YDOXHV�DUH�XVHG�WR�FDOFXODWHG�PRQWKO\�DQG�TXDUWHUO\�DYHUDJHV��7KH�TXDUWHUO\�DYHUDJHV

DUH�XVHG�WR�FDOFXODWH�DQ�DQQXDO�DYHUDJH��30���DLU�TXDOLW\�VWDQGDUGV�KDYH�EHHQ�HVWDEOLVKHG�IRU

���KRXU�DQG�DQQXDO�DYHUDJHV��7KHVH�VWDQGDUGV�DUH�VHW�DW������J�P��IRU�WKH����KRXU�DYHUDJH�

PHDVXUHG�IURP�PLGQLJKW�WR�PLGQLJKW��DQG�����J�P� IRU�WKH�DQQXDO�DYHUDJH��EDVHG�RQ�WKH

FDOHQGDU�\HDU�

6LQFH�������VHYHQ�YDOXHV�H[FHHGLQJ�WKH����KRXU�VWDQGDUG�KDYH�EHHQ�UHFRUGHG�LQ�WKH�1RUWKHUQ

$GD�&RXQW\�DUHD��7KH�PRVW�UHFHQW�H[FHHGDQFH�ZDV�UHFRUGHG�LQ������DW�WKH�&ORYHUGDOH�VLWH��,W

LV�EHOLHYHG�WKDW�WKLV�KLJK�OHYHO�ZDV�LQIOXHQFHG�E\�DJULFXOWXUDO�DFWLYLW\�RFFXUULQJ�LQ�FORVH

SUR[LPLW\�WR�WKH�PRQLWRU��DV�RWKHU�VLWHV�UHFRUGHG�IDLUO\�ORZ�OHYHOV�RI�SDUWLFXODWH�PDWWHU

SROOXWLRQ�RQ�WKLV�GDWH��7KH�UHPDLQLQJ�VL[�H[FHHGDQFHV�ZHUH�DOO�PHDVXUHG�LQ�ZLQWHU�PRQWKV

�-DQXDU\���DQG�ZHUH�DOO�UHFRUGHG�LQ������RU�HDUOLHU��7DEOH�����SURYLGHV�WKH�GDWH��YDOXH��DQG

ORFDWLRQ�RI�H[FHHGDQFHV�RI�WKH����KRXU�DYHUDJH�PHDVXUHG�LQ�1RUWKHUQ�$GD�&RXQW\��1RUWKHUQ

$GD�&RXQW\�KDV�H[FHHGHG�WKH�DQQXDO�VWDQGDUG�RI�����J�P� RQO\�RQFH��7KLV�RFFXUUHG�DW�)LUH

6WDWLRQ����LQ�������SULRU�WR�WKH�HVWDEOLVKPHQW�RI�WKH�DQQXDO�VWDQGDUG�LQ������

7DEOH�����SURYLGHV�WKH�PD[LPXP����KRXU�DQG�DQQXDO�DYHUDJH�YDOXH�UHFRUGHG�DW�HDFK

PRQLWRULQJ�VLWH��DORQJ�ZLWK�WKH�\HDU�WKH�YDOXHV�ZHUH�UHFRUGHG�

7KH�PD[LPXP�30���FRQFHQWUDWLRQ�PHDVXUHG�LQ�1RUWKHUQ�$GD�&RXQW\�LQ������ZDV�����J�P��

PHDVXUHG�DW�)LUH�6WDWLRQ�����DQG������J�P���PHDVXUHG�DW�WKH�1DPSD�VLWH�LQ�&DQ\RQ�&RXQW\�

7KH�DQQXDO�DULWKPHWLF�PHDQ�IRU������ZDV�������J�P��
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*�?,'(4 %RLVH?30 3ODQ?3ODQ GRFXPHQW?)LQDO?6HF�B$LU4XDOLW\�GRF ���

7DEOH�������([FHHGDQFH�YDOXHV�RI�30���PHDVXUHG�LQ�1RUWKHUQ�$GD�&RXQW\�

'DWH 9DOXH��J�P� 6LWH

$XJ��������� ���
 &ORYHUGDOH

-DQ�������� ��� 0RXQWDLQ�9LHZ�6FKRRO

-DQ�������� ��� )LUH�6WDWLRQ���

-DQ�������� ���

���

)LUH�6WDWLRQ���

0RXQWDLQ�9LHZ�6FKRRO

-DQ��������� ��� )LUH�6WDWLRQ���

-DQ��������� ��� )LUH�6WDWLRQ���


�2WKHU VLWHV GLG QRW UHFRUG KLJK OHYHOV RQ WKLV GDWH� $VVXPH GXH WR DJULFXOWXUDO DFWLYLW\ QHDU VLWH� EXW VWLOO

FRQVLGHUHG YDOLG GDWD E\ (3$�

7DEOH�������+LVWRULFDO�30���DLU�TXDOLW\�PRQLWRULQJ�GDWD�LQ�WKH�$GD�DQG�&DQ\RQ�FRXQWLHV�

0RQLWRU

,Q 2SHUDWLRQ

�30���

0D[LPXP ���

KRXU $YHUDJH

��J�P��

<HDU

5HFRUGHG

0D[LPXP

$QQXDO $YHUDJH

��J�P��

<HDU

5HFRUGHG

)LUH 6WDWLRQ �� ���� ² FXUUHQW ��� ���� ���� ����

0RXQWDLQ 9LHZ 6FKRRO ���� ² FXUUHQW ��� ���� ���� ����

/HV %RLV 6FKRRO ���� ² FXUUHQW �� ���� ���� ����

1DPSD )LUH 6WDWLRQ ���� ² FXUUHQW ��� ���� ���� ����

/LEHUW\ )LUH 6WDWLRQ ���� � ���� ��� ���� ���� ����

0HULGLDQ ���� ² ���� ��� ���� ���� ����

&ORYHUGDOH ���� � ���� ���
 ���� ���� ����

%HUJHVRQ ���� � ���� �� ���� ���� ����


�2WKHU VLWHV GLG QRW UHFRUG KLJK OHYHOV RQ WKLV GDWH� $VVXPH GXH WR DJULFXOWXUDO DFWLYLW\ QHDU VLWH� EXW VWLOO

FRQVLGHUHG YDOLG GDWD E\ (3$�

����6XPPDU\�RI�0HWHRURORJLFDO�'DWD

%RLVH�LV�VLWXDWHG�LQ�WKH�%RLVH�5LYHU�9DOOH\�DERXW���PLOHV�EHORZ�WKH�PRXWK�RI�D�PRXQWDLQ

FDQ\RQ�ZKHUH�WKH�YDOOH\�SURSHU�EHJLQV���6KHOWHUHG�E\�ODUJH�VKDGH�WUHHV�DQG�DYHUDJLQJ������

IHHW�LQ�HOHYDWLRQ��WKH�GHQVHU�SDUW�RI�WKH�FLW\�FRYHUV�D�JHQWOH�DOOXYLDO�VORSH�DERXW���PLOHV�ZLGH�

VWUHWFKLQJ�VRXWKZHVW�IURP�WKH�IRRWKLOOV�RI�WKH�%RLVH�PRXQWDLQV�WR�WKH�ULYHU���7KH�%RLVH

PRXQWDLQV�LPPHGLDWHO\�QRUWK�RI�WKH�FLW\�ULVH�������WR�������IHHW�DERYH�VHD�OHYHO��ZLWK�WKH

VORSHV�SDUWO\�PDQWOHG�ZLWK�VDJHEUXVK�DQG�WKHQ�FKDSDUUDO�JLYLQJ�ZD\�QHDU�WKH�VXPPLW�WR�ULGJHV

RI�ILU��VSUXFH��DQG�SLQH���$FURVV�WKH�ULYHU��WKH�ODQG�ULVHV�LQ�WZR�LUUHJXODU�VWHSV��RU�EHQFKHV��IRU

VHYHUDO�PLOHV��ILQDOO\�UHDFKLQJ�WKH�ORZ�GLYLGH�EHWZHHQ�WKH�%RLVH�DQG�6QDNH�5LYHUV�

'RZQVWUHDP�WKH�YDOOH\�ZLGHQV��PHUJLQJ�ZLWK�WKH�YDOOH\�RI�WKH�6QDNH�DERXW����PLOHV�WR�WKH

QRUWKZHVW���2QFH�VHPL�DULG��WKH�HQWLUH�DUHD�LV�QRZ�LUULJDWHG�IURP�WKH�XSVWUHDP�UHVHUYRLUV�

0HWHRURORJ\�LV�D�YHU\�LPSRUWDQW�IDFWRU�LQ�VWXG\LQJ�WKH�FRQGLWLRQV�WKDW�OHG�WR�H[FHHGDQFHV�RI

WKH�30���VWDQGDUG�LQ�1RUWKHUQ�$GD�&RXQW\�GXULQJ�WKH�ODWH�����V�DQG�HDUO\�����V���$OWKRXJK

DLU�PDVVHV�IURP�WKH�3DFLILF�DUH�FRQVLGHUDEO\�PRGLILHG�E\�WKH�WLPH�WKH\�UHDFK�%RLVH��WKHLU

LQIOXHQFH��SDUWLFXODUO\�LQ�ZLQWHU��DOWHUQDWHV�ZLWK�WKDW�RI�DWPRVSKHULF�GHYHORSPHQWV�IURP�RWKHU

GLUHFWLRQV���7KH�UHVXOW�LV�DOPRVW�D�W\SLFDO�XSODQG�FRQWLQHQWDO�W\SH�RI�FOLPDWH�LQ�VXPPHU��ZKLOH
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ZLQWHUV�DUH�XVXDOO\�WHPSHUHG�E\�SHULRGV�RI�FORXG\�RU�VWRUP\�DQG�PLOG�ZHDWKHU���$XWXPQV�KDYH

SURORQJHG�SHULRGV�RI�QHDU�LGHDO�ZHDWKHU��ZKLOH�VSULQJWLPH�LV�QRWHG�E\�FKDQJHDEOH�ZHDWKHU�DQG

YDULHG�WHPSHUDWXUHV���7KH�%RLVH�FOLPDWH�LQ�JHQHUDO�PD\�EH�GHVFULEHG�DV�GU\�DQG�WHPSHUDWH�

ZLWK�VRPH�YDULDWLRQ���6XPPHU�KRW�SHULRGV�UDUHO\�ODVW�ORQJHU�WKDQ�D�IHZ�GD\V���7HPSHUDWXUHV�RI

����GHJUHHV�RU�KLJKHU�RFFXU�QHDUO\�HYHU\�\HDU���:LQWHU�FROG�VSHOOV�ZLWK�WHPSHUDWXUHV�RI���

GHJUHHV�RU�ORZHU�JHQHUDOO\�ODVW�ORQJHU�WKDQ�WKH�VXPPHU�KRW�VSHOOV���'XULQJ�FROG�ZHDWKHU�

KRZHYHU��WKHUH�LV�RUGLQDULO\�OLWWOH�ZLQG���7KH�QRUPDO�SUHFLSLWDWLRQ�SDWWHUQ�LQ�WKH�%RLVH�DUHD

VKRZV�D�ZLQWHU�KLJK�DQG�D�YHU\�SURQRXQFHG�VXPPHU�ORZ���7RWDO�DPRXQWV�DQG�LQWHQVLW\�DUH

JHQHUDOO\�JUHDWHVW�QHDU�WKH�IRRWKLOOV��GZLQGOLQJ�WR�ZHVWZDUG�DQG�VRXWKZDUG�

7KH�DUHD�LV�ORFDWHG�LQ�D�GHSUHVVLRQ�LQ�D�EURDG�PRXQWDLQVLGH�YDOOH\���+LJK�30���OHYHOV�XVXDOO\

RFFXU�LQ�FROG��VWDJQDQW�SHULRGV�GXH�WR�YHU\�OLJKW�JHRJUDSKLFDOO\�LQGXFHG�GUDLQDJH�DV�WKH�FRRO

DLU�W\SLFDOO\�SRROV�XS�LQ�WKH�YDOOH\�IORRU�EHWZHHQ�WKH�SDVVDJHV�RI�VWURQJ�ZHDWKHU�V\VWHPV�

:LWK�RQO\����LQFKHV�RI�SUHFLSLWDWLRQ�DQQXDOO\��WKHVH�SHULRGV�EHWZHHQ�IURQWV�FDQ�EH�RI�H[WHQGHG

GXUDWLRQ���'HHS�VWDEOH�OD\HUV��GHILQHG�DV�LQYHUVLRQ�FRQGLWLRQV�HVSHFLDOO\�FRQGXFWLYH�WR�SROOXWDQW

EXLOGXS��RFFXU�PRUH�RIWHQ�WKDQ�LQ�WKH�RWKHU�LQWHUPRXQWDLQ�YDOOH\�FLWLHV�VWXGLHG�E\�:RO\Q�DQG

0F.HH����������7KH�H[WHQGHG�VWDJQDQW�ZHDWKHU�FRQGLWLRQV�GXULQJ�ZLQWHU�VHDVRQ�PD\�VHYHUHO\

UHVWULFW�WKH�H[FKDQJH�RI�DLU�LQ�DQG�RXW�RI�WKH�YDOOH\��$V�IULJLG�DLU�HQWHUV�WKH�DLU�VKHG�IROORZLQJ

WKH�SDVVDJH�RI�D�FROG�IURQW��D�VKDOORZ�LQYHUVLRQ�LV�FUHDWHG�LQ�WKH�EDVLQ�DQG�HPLVVLRQV�DUH

WUDSSHG�QHDU�WKH�VXUIDFH���7KLV�FROG��HPLVVLRQ�ILOOHG�DLU�PDVV�VWDELOL]HG�DV�ZDUP�DLU�DORIW

PRYHV�RYHU�WKH�UHJLRQ��0XOWLSOH�GD\�VWDJQDWLRQ�HYHQWV�RI�WKLV�W\SH�FDQ�SRWHQWLDOO\�OHDG�WR�WKH

EXLOGXS�RI�30���FRQFHQWUDWLRQ�LQ�WKH�DUHD���)RU�H[DPSOH��DQ�H[FHHGDQFH�RI������J�P�ZDV

PHDVXUHG�LQ�GRZQWRZQ�%RLVH�GXULQJ�WKH�LQWHQVH�DLU�VWDJQDWLRQ�HSLVRGH�LQ�-DQXDU\������

7DEOH�����LQ�6HFWLRQ�������RI�WKLV�6,3�SURYLGHV�PRUH�GHWDLOV�RQ�UHFHQW�PHWHRURORJLFDO�GDWD�LQ

UHODWLRQ�WR�WKH�HSLVRGHV�RI�������������DQG��������7KH�'LVSHUVLRQ�0RGHOLQJ�UHSRUW��IRXQG�LQ

$SSHQGL[�%��DQG�WKH�0HWHRURORJLFDO�0RGHOLQJ�5HSRUW��$SSHQGL[�&��SURYLGHV�DGGHG�GHWDLOV�RI

WKH�PHWHRURORJ\�GXULQJ�WKH�WLPH�RI�WKHVH�HSLVRGLF�FRQGLWLRQV�
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�����(0,66,21�,19(1725<

'HWDLOHG�HPLVVLRQ�LQYHQWRULHV�IRU�DOO�VRXUFHV�LQ�$GD�DQG�&DQ\RQ�FRXQWLHV�ZHUH�GHYHORSHG�IRU

ERWK�HSLVRGLF�DQG�DQQXDO�DLU�TXDOLW\�PRGHOLQJ���7KHVH�HPLVVLRQ�LQYHQWRULHV�ZHUH�GHYHORSHG�IRU

GLUHFW�HPLVVLRQV�RI�30����DQG�IRU�30���SUHFXUVRUV�²�QLWURJHQ�R[LGHV��12[���VXOIXU�R[LGHV

�62[���YRODWLOH�RUJDQLF�FRPSRXQGV��92&V���FDUERQ�PRQR[LGH��&2���DQG�DPPRQLD��1+���

$QQXDO�HPLVVLRQV�ZHUH�HVWLPDWHG�IRU�WKH������EDVH�\HDU��DQG�IRU�WKUHH�IXWXUH�\HDUV�²������

������DQG��������(SLVRGLF�HPLVVLRQ�LQYHQWRULHV�ZHUH�GHYHORSHG�XVLQJ�PHWHRURORJLFDO�GDWD

IURP�KLVWRULFDO�ZRUVW�FDVH�HSLVRGHV���7KH������HSLVRGH�ZDV�IRU�WKH�VHYHQ�GD\�SHULRG

'HFHPEHU����WKURXJK�'HFHPEHU������)RU�IXWXUH�\HDU�DLU�TXDOLW\�PRGHOLQJ��HPLVVLRQV�ZHUH

SURMHFWHG�WR�WKH�IXWXUH�\HDUV�XVLQJ�PHWHRURORJ\�IURP�WKH�ZRUVW�FDVH�HSLVRGH�WKDW�RFFXUUHG

GXULQJ�WKH�QLQH�GD\�SHULRG�-DQXDU\�����������

7KH�HPLVVLRQ�LQYHQWRULHV�ZHUH�GHYHORSHG�DFFRUGLQJ�WR�WKH�PHWKRGRORJLHV�DQG�TXDOLW\

DVVXUDQFH�TXDOLW\�FRQWURO��4$�4&��SURFHGXUHV�GRFXPHQWHG�LQ�)LQDO�,QYHQWRU\�3UHSDUDWLRQ

3ODQ�4XDOLW\�$VVXUDQFH�3ODQ��,33�4$3���SUHSDUHG�IRU�WKH�'(4��-XO\�����������7KH�,33�4$3

LV�EDVHG�RQ�8�6��(3$�PHWKRGV��VXFK�DV�WKRVH�SXEOLVKHG�LQ�&RPSLODWLRQ�RI�$LU�3ROOXWDQW

(PLVVLRQ�)DFWRUV��9ROXPH�,��$3������)LIWK�(GLWLRQ��8�6��(3$��-DQXDU\��������DQG�JXLGHOLQHV

RI�WKH�(PLVVLRQ�,QYHQWRU\�,PSURYHPHQW�3URJUDP��(,,3����)XOO�GHWDLOV�RI�WKH�HPLVVLRQ

LQYHQWRU\�GHYHORSPHQW�DQG�UHVXOWV�DUH�SURYLGHG�LQ�$SSHQGL[�$�

7KH�HPLVVLRQ�LQYHQWRULHV�FRQVLVW�RI�IRXU�PDMRU�VRXUFH�FDWHJRULHV���7KHVH�FDWHJRULHV��DQG�WKH

DSSURDFK�XVHG�WR�HVWLPDWH�HPLVVLRQV�LQ�HDFK��DUH�DV�IROORZV�

3RLQW�6RXUFHV

3RLQW�VRXUFHV�DUH�PDMRU�VWDWLRQDU\�VRXUFHV��GHILQHG�DV�DOO�IDFLOLWLHV�HPLWWLQJ�JUHDWHU�WKDQ�ILYH

WRQV�SHU�\HDU��WS\��30���IURP�D�VLQJOH�VWDFN���3RLQW�VRXUFH�HPLVVLRQV�LQFOXGH�FRPEXVWLRQ

HPLVVLRQV��SURFHVV�HPLVVLRQV��PDWHULDO�WUDQVIHUV��SLOH�ZLQG�HURVLRQ��DQG�SDYHG�DQG�XQSDYHG

URDGV�ZLWKLQ�IDFLOLW\�JURXQGV���3RLQW�VRXUFH�HPLVVLRQV�IRU�WKH�EDVH�\HDU�ZHUH�HVWLPDWHG�EDVHG

RQ�GDWD�VXEPLWWHG�WR�'(4�LQ�UHVSRQVH�WR�D�3RLQW�6RXUFH�4XHVWLRQQDLUH��364��WKDW�ZDV�VHQW�WR

DSSUR[LPDWHO\�����IDFLOLWLHV�LQ�$GD�DQG�&DQ\RQ�FRXQWLHV���(PLVVLRQV�IRU�WKH������EDVH�\HDU

DUH�EDVHG�RQ�DFWXDO�RSHUDWLQJ�FRQGLWLRQV���)XWXUH�\HDU�SRLQW�VRXUFH�HPLVVLRQV�DUH�HVWLPDWHG

PD[LPXP�SRWHQWLDO�WR�HPLW��37(���FDOFXODWHG�XVLQJ�PD[LPXP�GHVLJQ�FDSDFLWLHV�IRU�HDFK

VRXUFH���37(�ZDV�GHWHUPLQHG�IURP�HLWKHU��D��SHUPLW�OLPLWV�HVWDEOLVKHG�E\�'(4��RU��E��E\

FDOFXODWLQJ�PD[LPXP�SRVVLEOH�HPLVVLRQV�DV�GHWHUPLQHG�E\�WKH�HPLVVLRQ�VRXUFHV·�RSHUDWLQJ

GHVLJQ�FDSDFLWLHV�RU�E\�DVVXPLQJ�FRQWLQXRXV�RSHUDWLRQ��L�H�������GD\V�SHU�\HDU��

$UHD�6RXUFHV

$UHD�VRXUFHV�DUH�GHILQHG�DV�DOO�VWDWLRQDU\�VRXUFHV��ERWK�DQWKURSRJHQLF�DQG�QRQ�DQWKURSRJHQLF�

WKDW�DUH�QRW�LQFOXGHG�LQ�WKH�SRLQW�VRXUFH�LQYHQWRU\���7KHVH�QXPHURXV�IDFLOLWLHV�DQG�DFWLYLWLHV

LQFOXGH�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ��RSHQ�EXUQLQJ��DJULFXOWXUDO�DFWLYLWLHV��RWKHU�IXJLWLYH�GXVW�

ELRJHQLF�HPLVVLRQV��DQG�92&�VRXUFHV�VXFK�DV�VROYHQW�XVDJH���0RVW�DUHD�VRXUFH�HPLVVLRQV�ZHUH

HVWLPDWHG�XVLQJ�WKH�JHQHUDO�PHWKRGRORJ\�RI�FRPELQLQJ�DQ�(3$�HPLVVLRQ�IDFWRU�ZLWK

DSSURSULDWH�DFWLYLW\�GDWD��H�J���IXHO�FRQVXPHG��QXPEHU�RI�HPSOR\HHV�LQ�D�SDUWLFXODU�LQGXVWU\��

/RFDO�DFWLYLW\�GDWD�ZHUH�XVHG�IRU�HPLVVLRQ�HVWLPDWLRQ�ZKHUH�DYDLODEOH�
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2Q�5RDG�0RELOH�6RXUFHV

7KH�FDWHJRU\�RI�RQ�URDG�PRELOH�VRXUFH�HPLVVLRQV�LQFOXGHV�HPLVVLRQV�IURP�YHKLFOHV�FHUWLILHG

IRU�KLJKZD\�XVH��FDUV��WUXFNV��DQG�PRWRUF\FOHV���DQG�DOVR�IXJLWLYH�URDG�GXVW�IURP�SDYHG�DQG

XQSDYHG�URDGV���9HKLFXODU�HPLVVLRQV�ZHUH�HVWLPDWHG�XVLQJ�(3$�HPLVVLRQ�IDFWRU�PRGHOV

02%,/(��DQG�3$57���FRPELQHG�ZLWK�YHKLFOH�DFWLYLW\��YHKLFOH�PLOHV�WUDYHOHG��907��IURP

&203$66�WUDQVSRUWDWLRQ�PRGHOLQJ���2Q�URDG�HPLVVLRQV�ZHUH�HVWLPDWHG�IRU�HDFK�URDGZD\

VHJPHQW�LQ�WKH�&203$66�WUDQVSRUWDWLRQ�QHWZRUN���)XJLWLYH�GXVW�IURP�SDYHG�DQG�XQSDYHG

URDGV�ZDV�HVWLPDWHG�XVLQJ�ORFDO�GDWD�IURP�WKH�7UHDVXUH�9DOOH\�5RDG�'XVW�6WXG\��FRQGXFWHG�LQ

�����E\�WKH�'HVHUW�5HVHDUFK�,QVWLWXWH��(W\PH]LDQ�HW�DO����������

2II�5RDG�0RELOH�6RXUFHV

2II�URDG�PRELOH�VRXUFHV�LQFOXGH�HTXLSPHQW�LQ�WKH�QLQH�FDWHJRULHV��DJULFXOWXUDO��DLUFUDIW��DLUSRUW

JURXQG�VXSSRUW��FRQVWUXFWLRQ�DQG�PLQLQJ��LQGXVWULDO�DQG�FRPPHUFLDO��ODZQ�DQG�JDUGHQ�

ORFRPRWLYHV��UHFUHDWLRQDO��DQG�SOHDVXUH�FUDIW���0RVW�RII�URDG�HPLVVLRQV�ZHUH�HVWLPDWHG�XVLQJ

(3$·V�ODWHVW�GUDIW�12152$'�PRGHO�XVLQJ�ORFDO�DFWLYLW\�GDWD�ZKHUH�DYDLODEOH���$LUFUDIW�DQG

ORFRPRWLYH�HPLVVLRQV��QRW�LQFOXGHG�LQ�WKH�12152$'�PRGHO��ZHUH�HVWLPDWHG�XVLQJ�(3$

DSSURYHG�PHWKRGV�

$OO�WKH�WDEOHV�DQG�ILJXUHV�UHIHUUHG�WR�LQ�WKH�IROORZLQJ�QDUUDWLYH�GLVFXVVLRQ�DUH�IRXQG�DW�WKH�HQG

RI�WKLV�&KDSWHU�

����������%DVH�<HDU�$QQXDO�DQG�(SLVRGH�(PLVVLRQ�,QYHQWRULHV

7DEOH�����VKRZV�WKH������EDVH�\HDU�DQQXDO�HPLVVLRQ�LQYHQWRULHV�IRU�$GD�DQG�&DQ\RQ�FRXQWLHV

FRPELQHG��)LJXUH�����VKRZV�WKH�UHODWLYH�FRQWULEXWLRQ�RI�HDFK�RI�WKH�IRXU�PDMRU�VRXUFH

FDWHJRULHV�WR�WKH�WRWDO�HPLVVLRQV�IRU�HDFK�SROOXWDQW���$QQXDO�30���HPLVVLRQV�DUH�SULPDULO\�IURP

IXJLWLYH�URDG�GXVW�DQG�DJULFXOWXUDO�DFWLYLWLHV���12;�HPLVVLRQV�DUH�SULPDULO\�IURP�RQ�URDG�DQG

RII�URDG�PRELOH�VRXUFHV���,QGXVWULDO�SRLQW�VRXUFHV�DFFRXQW�IRU�DERXW�KDOI�RI�WKH�62;�HPLVVLRQV�

DQG�RQ�URDG�DQG�QRQ�URDG�PRELOH�VRXUFHV�DFFRXQW�IRU�PRVW�RI�WKH�UHPDLQGHU���/LYHVWRFN�LV�WKH

GRPLQDQW�VRXUFH�RI�DPPRQLD�HPLVVLRQV��DERXW������GHWDLOV�SURYLGHG�LQ�$SSHQGL[�$����$ERXW

���SHUFHQW�RI�WKH�92&�HPLVVLRQV�DUH�IURP�DUHD�VRXUFHV��ZLWK�PRVW�RI�WKH�UHPDLQGHU�IURP

PRELOH�VRXUFHV���&2�LV�DOPRVW�FRPSOHWHO\�IURP�RQ�URDG�DQG�RII�URDG�PRELOH�VRXUFHV�

7DEOH�����VKRZV�WKH�HPLVVLRQV�IRU�WKH�KLJKHVW�FRQFHQWUDWLRQ�GD\�LQ�WKH������HSLVRGH�²

'HFHPEHU�����WKH�UHODWLYH�FRQWULEXWLRQV�E\�PDMRU�VRXUFH�FDWHJRU\�DUH�VKRZQ�LQ�)LJXUH�����

)RU�LQGXVWULDO�SRLQW�VRXUFHV�WKH�HPLVVLRQV�DUH�DFWXDO�HPLVVLRQV�DV�UHSRUWHG�E\�WKH�SRLQW�VRXUFHV

LQ�WKH�3RLQW�6RXUFH�4XHVWLRQQDLUH���)RU�DUHD��RQ�URDG�PRELOH��DQG�RII�URDG�PRELOH�VRXUFHV�

VHDVRQDO�DQG�ZHHNGD\�ZHHNHQG�DGMXVWPHQW�IDFWRUV�ZHUH�XVHG�WR�JHQHUDWH�WKH�GDLO\�HPLVVLRQ

LQYHQWRULHV�IRU�HDFK�GD\�RI�WKH������HSLVRGH���'HFHPEHU�����������WKRXJK�D�)ULGD\��ZDV

WUHDWHG�DV�D�ZHHNHQG�GD\�EHFDXVH�LW�LV�D�KROLGD\�DQG�DFWLYLW\�ZDV�WKRXJKW�WR�EH�PRUH�W\SLFDO�RI

����������������������������������������
� (W\PH]LDQ 9�� .XKQV� +�� *LOOLHV� -� *UHHQ� 0� &KRZ� -�� .RKO� 6�� :DWVRQ� -� ����� 7UHDVXUH 9DOOH\ URDG

GXVW VWXG\ ILQDO UHSRUW� 3UHSDUHG IRU WKH ,GDKR 'HSDUWPHQW RI (QYLURQPHQWDO 4XDOLW\� %RLVH� ,' E\ WKH 'HVHUW

5HVHDUFK ,QVWLWXWH� /DV 9HJDV� 19�
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ZHHNHQGV�WKDQ�ZHHNGD\V���2SHQ�EXUQLQJ�ZDV�]HURHG�RXW�LQ�WKH�HSLVRGLF�HPLVVLRQ�LQYHQWRULHV

DV�VXFK�DFWLYLW\�ZDV�YLUWXDOO\�QRQH[LVWHQW�GXULQJ�WKH�ZLQWHU�

2Q�WKH�'HFHPEHU����������HSLVRGH�GD\��DOPRVW����SHUFHQW�RI�WKH�30���HPLVVLRQV�DUH�IURP

IXJLWLYH�URDG�GXVW��DQG�DERXW���SHUFHQW�RI�WKH�HPLVVLRQV�DUH�IURP�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ�

12;�HPLVVLRQV�DUH�GRPLQDWHG�E\�PRELOH�VRXUFHV�����SHUFHQW�IURP�RQ�URDG�DQG����SHUFHQW

IURP�RII�URDG���ZLWK�SRLQW�VRXUFHV�DFFRXQWLQJ�IRU����SHUFHQW�DQG�DUHD�VRXUFHV��PRVWO\�IXHO

FRPEXVWLRQ��DFFRXQWLQJ�IRU�WKH�UHPDLQLQJ����SHUFHQW���,QGXVWULDO�SRLQW�VRXUFHV�DFFRXQW�IRU���

SHUFHQW�RI�WKH�62;�HPLVVLRQV��ZLWK�WKH�UHPDLQGHU�IURP�PRELOH�VRXUFHV���$V�IRU�WKH�DQQXDO

HPLVVLRQV��OLYHVWRFN�LV�WKH�GRPLQDQW�VRXUFH�RI�DPPRQLD�HPLVVLRQV���7KH�ODUJHVW�VRXUFH

FDWHJRU\�IRU�92&�HPLVVLRQV�LV�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ�����SHUFHQW���ZLWK�RWKHU�DUHD

VRXUFHV��PRVWO\�VROYHQW�XVDJH��DFFRXQWLQJ�IRU����SHUFHQW��DQG�PRELOH�VRXUFHV�DFFRXQWLQJ�IRU

���SHUFHQW���&2�HPLVVLRQV�DUH�GRPLQDWHG�E\�PRELOH�VRXUFHV�����SHUFHQW�RQ�URDG�DQG���

SHUFHQW�RII�URDG�PRELOH���ZLWK�WKH�UHPDLQGHU�IURP�UHVLGHQWLDO�DQG�RWKHU�IXHO�FRPEXVWLRQ�

�����3URMHFWHG�,QYHQWRULHV

(PLVVLRQ�LQYHQWRULHV�IRU�WKH�WKUHH�IXWXUH�\HDUV�ZHUH�HVWLPDWHG�XVLQJ�GLIIHUHQW�DSSURDFKHV�IRU

HDFK�RI�WKH�IRXU�PDMRU�HPLVVLRQV�LQYHQWRU\�FDWHJRULHV���,QGXVWULDO�SRLQW�VRXUFH�HPLVVLRQV�IRU

IXWXUH�\HDUV�ZHUH�HVWLPDWHG�DV�PD[LPXP�DOORZDEOH��FDOFXODWHG�XVLQJ�PD[LPXP�GHVLJQ

FDSDFLWLHV�IRU�HDFK�VRXUFH��RU�SHUPLWWHG�OLPLWV���7KXV�SURMHFWHG�SRLQW�VRXUFH�HPLVVLRQV�DUH�WKH

VDPH�IRU�DOO�WKUHH�IXWXUH�\HDUV��DQG�DUH�VLJQLILFDQWO\�KLJKHU�WKDQ������DFWXDO�SRLQW�VRXUFH

HPLVVLRQV���%DVHG�RQ�KLVWRULFDO�RSHUDWLRQV��ZH�H[SHFW�WKDW�SURMHFWHG�SRLQW�VRXUFH�HPLVVLRQV

ZLOO�OLNHO\�EH�OHVV�WKDQ�FXUUHQWO\�SHUPLWWHG�OHYHOV���,Q�DGGLWLRQ��DFWXDO�IXWXUH�\HDU�HPLVVLRQV

LQFOXGLQJ�JURZWK�LQ�SRLQW�VRXUFH�HPLVVLRQV�QRW�DFFRXQWHG�IRU��L�H���QHZ�SRLQW�VRXUFHV��VKRXOG

EH�VLJQLILFDQWO\�OHVV�WKDQ�WKHVH�HPLVVLRQV�SURMHFWLRQV�EDVHG�RQ�37(�OHYHOV�IRU�DOO�IDFLOLWLHV�

)RU�DUHD�VRXUFHV��IXWXUH�\HDU�HPLVVLRQV�ZHUH�HVWLPDWHG�E\�ILUVW�DSSO\LQJ�JURZWK�IDFWRUV�WR�WKH

�����EDVH�\HDU�HPLVVLRQV�XVLQJ�GDWD�VXFK�DV�SRSXODWLRQ��QXPEHU�RI�KRXVHKROGV��OLYHVWRFN

SRSXODWLRQ��HWF���&RQWURO�IDFWRUV�ZHUH�WKHQ�DSSOLHG�XVLQJ�GDWD�VXFK�DV�DQWLFLSDWHG�QXPEHU�RI

YROXQWDU\�DQG�PDQGDWRU\�EXUQ�EDQV�GD\V�DSSOLFDEOH�WR�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ��DQG

UHJXODWRU\�92&�UHGXFWLRQV���7KLV�GDWD�ZDV�FRQWDLQHG�LQ�WKH�2FWREHU������1RUWKHUQ�$GD

&RXQW\�%RLVH�3DUWLFXODWH��30����$LU�4XDOLW\�,PSURYHPHQW�3ODQ��L�H���6,3�

)RU�RQ�URDG�PRELOH�VRXUFHV��WKH�HIIHFWV�RI�)HGHUDO�PRWRU�YHKLFOH�SURJUDP�FRQWUROV�DUH

LQFRUSRUDWHG�LQWR�WKH�02%,/(���DQG�3$57���HPLVVLRQ�IDFWRU�PRGHOV��DQG�WKH�&203$66

WUDQVSRUWDWLRQ�PRGHOLQJ�V\VWHP�ZDV�XVHG�WR�HVWLPDWH�YHKLFOH�PLOHV�WUDYHOHG�IRU�URDGZD\

VHJPHQW�LQ�HDFK�RI�WKH�IXWXUH�\HDUV�

����������������������������������������
� 02%,/(� LQFOXGHV WKH HIIHFWV RI SURPXOJDWHG UHJXODWLRQV ZLWK IXWXUH HIIHFWLYH GDWHV VXFK DV WKH ���� KHDY\�

GXW\ GLHVHO YHKLFOH �+''9� VWDQGDUGV�
� 3$57� GRHV QRW LQFRUSRUDWH WKH HIIHFWV RI WKH ���� +''9 VWDQGDUGV ZLWK ORZ VXOIXU GLHVHO� DQG VR

RYHUHVWLPDWHV +''9 30 DQG 62�� 1RU GRHV LW LQFRUSRUDWH WKH HIIHFWV RI WKH 7LHU � OLJKW�GXW\ YHKLFOH DQG ORZ�

VXOIXU JDVROLQH UHJXODWLRQV� DQG VR RYHUHVWLPDWHV OLJKW�GXW\ 62�� 3HU GLVFXVVLRQ ZLWK (3$·V 2IILFH RI

7UDQVSRUWDWLRQ DQG $LU 4XDOLW\ 0RGHOLQJ� WKH PRGHO ZDV XVHG DV LV ZLWKRXW DGMXVWPHQW EHFDXVH WKH HIIHFW RQ WKH

RYHUDOO LQYHQWRU\ ZRXOG EH VPDOO�
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)XWXUH�\HDU�HPLVVLRQV�IRU�QRQ�URDG�PRELOH�VRXUFHV�ZHUH�HVWLPDWHG�XVLQJ�(3$·V�12152$'

PRGHO��ZKLFK�LQFRUSRUDWHV�WKH�HIIHFWV�RI�DOO�FXUUHQW�)HGHUDO�FRQWURO�SURJUDPV�IRU�RII�URDG

VRXUFHV���/RFDO�JURZWK�IDFWRUV�ZHUH�XVHG�LQVWHDG�RI�WKH�PRGHO·V�GHIDXOW�QDWLRQDO�OHYHO�JURZWK

IDFWRUV�

7DEOH�����VKRZV�WKH�PDLQ�JURZWK�IDFWRUV�XVHG�LQ�HVWLPDWLQJ�IXWXUH�\HDU�HPLVVLRQV�IRU�DUHD��RQ�

URDG�PRELOH��DQG�RII�URDG�PRELOH�VRXUFHV��WKHVH�GDWD�ZHUH�SURYLGHG�E\�&203$66�

3RSXODWLRQ�DQG�KRXVHKROGV�DUH�IRUHFDVW�WR�JURZ�RYHU�WKH�QH[W����\HDUV�DW�D�UDWH�RI�DERXW����

SHUFHQW�SHU�\HDU�LQ�$GD�&RXQW\�DQG�DERXW�����SHUFHQW�SHU�\HDU�LQ�&DQ\RQ�&RXQW\���2YHUDOO

HPSOR\PHQW�LV�IRUHFDVW�WR�JURZ�DW�VLPLODU�UDWHV�DV�SRSXODWLRQ��ZLWK�UHWDLO�HPSOR\PHQW

SURMHFWHG�WR�LQFUHDVH�DW�WKH�IDVWHVW�UDWH�

$QQXDO�HPLVVLRQ�LQYHQWRULHV�IRU�WKH�WKUHH�IXWXUH�\HDUV�DUH�LQ�7DEOHV�����WKURXJK������)LJXUH���

��VKRZV�WKH�UHODWLYH�FRQWULEXWLRQ�E\�PDMRU�VRXUFH�FDWHJRU\�WR�WKH������DQQXDO�HPLVVLRQV���7KH

ODUJHVW�FKDQJH�LQ�FRPSDULVRQ�WR�WKH������DQQXDO�HPLVVLRQV�LQ�7DEOH�����LV�IRU�SRLQW�VRXUFHV��DV

H[SODLQHG�DERYH��WKH�IXWXUH�\HDU�SRLQW�VRXUFH�HPLVVLRQV�DUH�37(�OHYHOV��ZKLOH�WKH�EDVH�\HDU

HPLVVLRQV�DUH�DFWXDO�OHYHOV���$UHD�VRXUFHV�DQG�QRQ�URDG�HPLVVLRQV�LQFUHDVH�VOLJKWO\�

FRUUHVSRQGLQJ�WR�WKH�JURZWK�IDFWRUV�LQ�7DEOH������2Q�URDG�HPLVVLRQV�IRU�FULWHULD�SROOXWDQWV

�12;��92&��DQG�&2��GHFUHDVH�LQ�IXWXUH�\HDUV�GHVSLWH�907�JURZWK��DV�IOHHW�WXUQRYHU

LQWURGXFHV�PRUH�QHZ�YHKLFOHV�WKDW�PHHW�WLJKWHU�HPLVVLRQV�VWDQGDUGV���2Q�URDG�HPLVVLRQV�IRU

30���DQG�62;�WKRXJK��LQFUHDVH��DV�SUHGLFWHG�E\�WKH�FXUUHQW��RXWGDWHG��3$57��PRGHO�

(SLVRGLF�HPLVVLRQ�LQYHQWRULHV�FRUUHVSRQGLQJ�WR�WKH�PHWHRURORJ\�RQ�WKH�KLJKHVW�REVHUYHG

FRQFHQWUDWLRQ�GD\�LQ�WKH�-DQXDU\���������HSLVRGH�DUH�VKRZQ�LQ�7DEOHV�����WKURXJK�����IRU

\HDUV�������������DQG�������UHVSHFWLYHO\��)LJXUH�����VKRZV�WKH�UHODWLYH�FRQWULEXWLRQ�E\�PDMRU

VRXUFH�FDWHJRU\�IRU�WKH������HSLVRGH���7KHVH�DUH�WKH�FRQWUROOHG�HPLVVLRQ�LQYHQWRULHV�XVHG�LQ

WKH�GLVSHUVLRQ�PRGHOLQJ��$SSHQGL[�$�GHVFULEHV�LQ�GHWDLO�KRZ�WKH�HSLVRGLF�HPLVVLRQ�LQYHQWRULHV

ZHUH�JHQHUDWHG���7KHUH�DUH�IRXU�IDFWRUV�WKDW�UHVXOW�LQ�ODUJH�GLIIHUHQFHV�EHWZHHQ�WKH�EDVH�DQG

IXWXUH�\HDU�HSLVRGLF�HPLVVLRQ�LQYHQWRULHV�

(SLVRGLF�SRLQW�VRXUFH�HPLVVLRQV�DUH�37(�OHYHOV�LQ�WKH�IXWXUH�\HDUV�DQG�DFWXDO�HPLVVLRQV�LQ�WKH

EDVH�\HDU�

'HFHPEHU����LQ�WKH�EDVH�\HDU�LV�PRGHOHG�DV�D�ZHHNHQG�GD\��ZKLOH�-DQXDU\���LQ�WKH�IXWXUH

\HDUV�LV�PRGHOHG�DV�D�ZHHNGD\���)RU�PRVW�HPLVVLRQ�VRXUFHV��ZHHNGD\�DFWLYLW\�OHYHOV�DQG�WKXV

HPLVVLRQV�DUH�KLJKHU�RQ�ZHHNGD\V�WKDQ�RQ�ZHHNHQGV�

$V�H[SODLQHG�LQ�WKH�GLVSHUVLRQ�PRGHOLQJ�UHSRUW��$SSHQGL[�&��D�YROXQWDU\�EXUQ�EDQ�LQ�$GD

&RXQW\�ZDV�LPSRVHG�IRU�WKH�IXWXUH�\HDU�PRGHOLQJ��WKLV�EDQ�UHVXOWV�LQ�VLJQLILFDQW�UHGXFWLRQ�LQ

HPLVVLRQV�IURP�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ�

$OVR�DV�H[SODLQHG�LQ�WKH�GLVSHUVLRQ�PRGHOLQJ�UHSRUW��URDG�GXVW�HPLVVLRQV�ZHUH�UHGXFHG�EHFDXVH

WKHUH�ZDV���LQFKHV�RI�VQRZ�FRYHU�RQ�WKH�JURXQG�

,Q�WKH�IXWXUH�\HDU�HSLVRGLF�HPLVVLRQ�LQYHQWRULHV��IXJLWLYH�URDG�GXVW�LV�VWLOO�WKH�GRPLQDQW�VRXUFH

RI�30���HPLVVLRQV��ZLWK�PRVW�RI�WKH�UHPDLQGHU�DWWULEXWHG�WR�SRLQW�VRXUFHV���12;�HPLVVLRQV�DUH

ODUJHO\�IURP�SRLQW�VRXUFHV�DW�WKHLU�37(�OHYHOV��ZLWK�RQ�URDG�DQG�RII�URDG�PRELOH�VRXUFHV�DOVR

FRQWULEXWLQJ�VLJQLILFDQWO\���62;�HPLVVLRQV�LQ�WKH�IXWXUH�\HDU�HSLVRGLF�LQYHQWRULHV�DUH
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FRPSOHWHO\�GRPLQDWHG�E\�SRLQW�VRXUFHV���7KH�GLVWULEXWLRQ�RI�92&�DQG�&2�HPLVVLRQV�DUH

VLPLODU�WR�WKH������HSLVRGH�LQYHQWRULHV�

�����0RWRU�9HKLFOH�(PLVVLRQ�%XGJHWV

������5HTXLUHPHQWV

7KH�30���0DLQWHQDQFH�3ODQ�PXVW�LGHQWLI\�UHJLRQDO��QRW�WR�EH�H[FHHGHG�OLPLWV�RQ�30��

HPLVVLRQV�DQG��LI�VLJQLILFDQW�DV�SUHFXUVRUV��92&�DQG�12;�HPLVVLRQV�WKDW�DUH�DOORZHG�IURP�RQ�

URDG�PRELOH�VRXUFHV��7KHVH�EXGJHWV�DUH�GHVFULEHG�LQ�WKLV�6HFWLRQ��7KH�EXGJHWV�DSSO\�WR�WKH

IRUPHU�$GD�&RXQW\�30��1RQ�DWWDLQPHQW�DUHD��ZKLFK�ZDV�GHVFULEHG�SUHYLRXVO\�LQ�6HFWLRQ���

8QGHU�6HFWLRQ�����F��RI�WKH�&$$��WUDQVSRUWDWLRQ�SODQV��SURJUDPV��DQG�SURMHFWV�LQ�PDLQWHQDQFH

DUHDV�WKDW�DUH�IXQGHG�RU�DSSURYHG�XQGHU����8�6�&��RU�WKH�)HGHUDO�7UDQVLW�$FW��PXVW�FRQIRUP

WR�WKH�RQ�URDG�PRWRU�YHKLFOH�HPLVVLRQV�EXGJHWV��09(%��VSHFLILHG�LQ�WKH�DSSOLFDEOH�6,3�

)HGHUDO�WUDQVSRUWDWLRQ�FRQIRUPLW\�UHJXODWLRQV�DUH�IRXQG�LQ����&)5�3DUW�����VXESDUW�7�²

&RQIRUPLW\�WR�6WDWH�RU�)HGHUDO�,PSOHPHQWDWLRQ�3ODQV�RI�7UDQVSRUWDWLRQ�3ODQV��3URJUDPV��DQG

3URMHFWV�'HYHORSHG��)XQGHG�RU�$SSURYHG�8QGHU�7LWOH����8�6�&��RU�WKH�)HGHUDO�7UDQVLW�/DZV�

3DUW�����VXESDUW�$�RI�WKLV�FKDSWHU�ZDV�UHYLVHG�E\�WKH�(3$�LQ�WKH�$XJXVW����������)HGHUDO

5HJLVWHU���6HFWLRQ��������E�����LLL��RI�WKDW�UHYLVHG�UHJXODWLRQ�LGHQWLILHV�12;�DQG�92&�DV�WKH

WZR�30�� SUHFXUVRU�SROOXWDQWV�WKDW�PXVW�DOVR�KDYH�D�09(%�LI�GHHPHG�VLJQLILFDQW���7KLV�LV�WKH

FDVH�LQ�1RUWKHUQ�$GD�&RXQW\���7KH�FRQIRUPLW\�UXOH�GRHV�QRW�UHTXLUH�VXOIXU�R[LGHV�RU�DPPRQLD

WR�EH�DGGUHVVHG��KRZHYHU��WKH\�ZHUH�LQYHQWRULHG�LQ�WKH�0DLQWHQDQFH�3ODQ��DQG�ZHUH�IRXQG�WR

FRQVLVW�RI������DQG������RI�WKH�WRWDO�0RWRU�9HKLFOH�HPLVVLRQV��6HH�7DEOH�������IRU�1RUWKHUQ

$GD�&RXQW\�ZKLFK�KDV�EHHQ�GHHPHG�LQVLJQLILFDQW���)LQDOO\��6HFWLRQ���������F��SURKLELWV

WUDGLQJ�HPLVVLRQV�DPRQJ�GLIIHUHQW�SROOXWDQWV�RU�VRXUFH�FDWHJRULHV�LQ�FRQIRUPLW\�GHWHUPLQDWLRQV

XQOHVV�WKH�6,3�VSHFLILFDOO\�HVWDEOLVKHV�D�WUDGLQJ�PHFKDQLVP���7KH�1RUWKHUQ�$GD�&RXQW\�30��

0DLQWHQDQFH�6,3�GRHV�QRW�HVWDEOLVK�VXFK�D�PHFKDQLVP�

������09(%�IRU�30��

7KH�09(%�IRU�30�� LV�FRPSULVHG�RI�WKH�IXJLWLYH�GXVW�IURP�SDYHG�DQG�XQSDYHG�URDGV��DQG�WKH

YHKLFOH�HPLVVLRQV��H[KDXVW��WLUH�ZHDU��DQG�EUDNH�ZHDU����&RQVWUXFWLRQ�HPLVVLRQV�IURP�RQ�URDG

PRELOH�VRXUFHV�ZHUH�GHWHUPLQHG�QRW�WR�EH�VLJQLILFDQW�DQG�WKHUHIRUH�DUH�QRW�LQFOXGHG�LQ�WKH

09(%�IRU�1RUWKHUQ�$GD�&RXQW\�IRU�IXWXUH�FRQIRUPLW\�SXUSRVHV��7KH�09(%�DSSOLHV�DIWHU�WKH

(3$�KDV�GHWHUPLQHG�WKH�EXGJHW�DGHTXDWH���:KLOH�6HFWLRQ���������E�����UHTXLUHV��DW�D

PLQLPXP��WKH�09(%�WR�EH�DSSOLFDEOH�IRU�WKH�ODVW�\HDU�RI�WKH�PDLQWHQDQFH�SODQ���������'(4

KDV�FKRVHQ�WR�VHW�D�30��09(%�IRU������DQG������DV�ZHOO�DV��������'(4�FRQGXFWHG�D

PRGHOLQJ�DQDO\VLV�IRU�������������DQG������DQG�IRXQG�WKDW�WKH�30�� VWDQGDUG�ZDV�SURWHFWHG�LQ

HDFK�RI�WKHVH�\HDUV�ZLWK�WKH�VHOHFWHG�30��09(%�

([WHQVLYH�FRQVXOWDWLRQ�KDV�RFFXUUHG�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�FRQIRUPLW\�09(%���,Q�

SHUVRQ�DQG�FRQIHUHQFH�FDOO�PHHWLQJV�LQYROYLQJ�(3$�5HJLRQ����SODQQLQJ�DQG�FRQIRUPLW\

H[SHUWV��)+:$��&203$66��'(4��DQG�WKH�FRQVXOWDQWV�RFFXUUHG�GXULQJ�WKH�GHYHORSPHQW�RI

WKH�GUDIW�30�� 6,3�09(%�DQG�LQ�PDNLQJ�WKH�UHYLVLRQV�EDVHG�RQ�WKH�SXEOLF�KHDULQJ�DQG�ZULWWHQ

FRPPHQWV���&RQFHUQV�RQ�WKH�GUDIW�09(%��UDLVHG�E\�(3$�GXULQJ�WKH�FRPPHQW�SHULRG��ZHUH
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IXOO\�UHVSRQGHG�WR�DQG�LQFOXGHG�LQ�WKLV�UHYLVHG��ILQDO�0DLQWHQDQFH�6,3�IRU�1RUWKHUQ�$GD

&RXQW\�

6HFWLRQ����$�RI�WKH�&OHDQ�$LU�$FW�LQGLFDWHV�WKDW�WKH�PDLQWHQDQFH�SODQ�PXVW�GHPRQVWUDWH�WKDW

WKH�1$$46�LV�PDLQWDLQHG�DW�OHDVW�WHQ�\HDUV�DIWHU�WKH�DUHD�LV�RIILFLDOO\�UHGHVLJQDWHG�WR

DWWDLQPHQW�E\�(3$���(3$�JXLGDQFH�UHJDUGLQJ�PDLQWHQDQFH�SODQV��(3$�0HPRUDQGXP�UH�

3URFHGXUHV�IRU�3URFHVVLQJ�5HTXHVWV�WR�5HGHVLJQDWH�$UHDV�WR�$WWDLQPHQW��6HSWHPEHU���������

�$SSHQGL[�+�RI�WKLV�GRFXPHQW��LQGLFDWHV�WKDW�LW�VKRXOG�EH�DVVXPHG�WKDW�LW�ZLOO�WDNH����PRQWKV

WR�DSSURYH�D�UHGHVLJQDWLRQ�UHTXHVW���$V�D�UHVXOW��WKH�JXLGDQFH�VWDWHV�WKH�PDLQWHQDQFH

GHPRQVWUDWLRQ�VKRXOG�EH�PRGHOHG�IRU��DW�OHDVW����\HDUV��IURP�WKH�VXEPLWWDO�GDWH����

7KH�UHJLRQDO�PRGHOLQJ�GHPRQVWUDWHV�PDLQWHQDQFH�RI�WKH�DQQXDO�DYHUDJH�VWDQGDUG�DQG�WKH����

KRXU�VWDQGDUG�LQ�������$SSHQGL[�%����7KH�SURMHFWLRQV�LQ�WKH�PRGHOLQJ�LQGLFDWHG�WKDW�WKH

DYHUDJH�GDLO\�30�� HPLVVLRQV�LQ������IRU�DOO�VRXUFHV�LQ�1RUWKHUQ�$GD�&RXQW\�ZRXOG�EH������

WSG���)RU�FRQIRUPLW\�SXUSRVHV��PRWRU�YHKLFOH�HPLVVLRQV�LQFOXGH�UHJLRQDO�UHHQWUDLQHG�GXVW�IURP

WUDYHO�RQ�SDYHG�URDGV��YHKLFXODU�H[KDXVW��DQG�WUDYHO�RQ�XQSDYHG�URDGV��IRU������WKH�WRWDO�IRU

WKHVH�DFWLYLWLHV�LV������WRQV�SHU�GD\�

(3$�UHJXODWLRQV�>6HFWLRQ���������D��RI�WKH�$XJXVW����������)HGHUDO�5HJLVWHU@�SURYLGH�IRU�D

´PDUJLQ�RI�VDIHW\µ�LI�LW�FDQ�EH�GHPRQVWUDWHG�WKDW�D�KLJKHU�09(%�ZLOO�VWLOO�SURYLGH�IRU

PDLQWHQDQFH�RI�WKH�VWDQGDUG�HYHQ�ZKHQ�LQFOXGHG�LQ�WKH�IXWXUH�\HDU�PDLQWHQDQFH�EXGJHW���7KH

SXUSRVH�RI�WKLV�VDIHW\�PDUJLQ�LV�WR�DFFRXQW�IRU�WKH�ORQJHU�WLPH�IUDPHV�UHTXLUHG�E\�)HGHUDO

WUDQVSRUWDWLRQ�ODZ�LQ�DGRSWLQJ�5HJLRQDO�7UDQVSRUWDWLRQ�3ODQV���(PLVVLRQV�UHVXOWLQJ�IURP�WKH

573�PXVW�EH�HVWLPDWHG�IRU�D�PLQLPXP����\HDU�SODQQLQJ�KRUL]RQ���)XUWKHUPRUH��SRWHQWLDO

FKDQJHV�LQ�)HGHUDO�ODZ��´7($��µ��PD\�FKDQJH�WKH�WLPHIUDPH�IRU�WUDQVSRUWDWLRQ�SODQ�XSGDWHV

DQG�WKXV�UHVXOW�LQ�HYHQ�ORQJHU�SODQQLQJ�KRUL]RQV�IRU�FRQIRUPLW\�SXUSRVHV�

)ROORZLQJ�(3$�JXLGDQFH�QRWHG�SUHYLRXVO\��DQ�DSSUR[LPDWH�����VDIHW\�PDUJLQ�ZDV�LQFOXGHG�LQ

DQ�DQQXDO�UROOEDFN�PRGHO�UXQ�RI�WKH������PDLQWHQDQFH�GHPRQVWUDWLRQ�WR�HQVXUH�WKDW

PDLQWHQDQFH�RI�WKH�VWDQGDUG�FRXOG�VWLOO�EH�GHPRQVWUDWHG�ZLWK�LQFUHDVHG�PRWRU�YHKLFOH

HPLVVLRQV�IRU�30�����7KH�SURFHVV�LQYROYHG�LQFUHDVLQJ�WKH�1RUWKHUQ�$GD�&RXQW\�PRWRU�YHKLFOH

HPLVVLRQV�IRU�30���RI��������WS\�RU������WSG��6HH�7DEOH�������E\������WSG������VDIHW\

PDUJLQ����7KLV�UHVXOWHG�LQ�D������09(%�IRU�1RUWKHUQ�$GD�&RXQW\�RI��������WS\�RU�����WRQV

SHU�GD\��7KH������PRWRU�YHKLFOH�HPLVVLRQV�SOXV�WKH�VDIHW\�PDUJLQ�ZDV�WKHQ�UH�UXQ����7KH

UHVXOWV�RI�WKDW�PRGHO�UXQ�VKRZHG�WKDW�WKH�PDLQWHQDQFH�RI�WKH�VWDQGDUG�FRXOG�VWLOO�EH

GHPRQVWUDWHG�LQ�������DV�WKH�DQQXDO�VWDQGDUG�ZRXOG�EH�������J�P���$SSHQGL[�(��6HFWLRQ������

7KHUHIRUH��D�VDIHW\�PDUJLQ�RI������WSG�LV�EHLQJ�HVWDEOLVKHG�WR�SURYLGH�D�30���PRWRU�YHKLFOH

HPLVVLRQV�EXGJHW�RI�����WSG�

������09(%�IRU�12;�DQG�92&

6HFWLRQ��������E�����RI�WKH�FRQIRUPLW\�UXOH�UHTXLUHV�WKDW�DQ�HPLVVLRQV�EXGJHW�EH�HVWDEOLVKHG

IRU�WKH�ODVW�\HDU�RI�WKH�PDLQWHQDQFH�SODQ��ZKLFK�LV�GRFXPHQWHG�DERYH����7KH�UXOH�DOVR�DOORZV

IRU�WKH�PDLQWHQDQFH�SODQ�WR�HVWDEOLVK�EXGJHWV�IRU�DQ\�RWKHU�\HDUV���$FFRUGLQJO\��WKH�'(4�LV

HVWDEOLVKLQJ�12[�DQG�92&�HPLVVLRQ�EXGJHWV�IRU�WKH�EDVH�\HDU��������LQFOXGLQJ�D�����PDUJLQ

RI�VDIHW\���(SLVRGLF�DQG�DQQXDO�PRGHOLQJ�DQDO\VHV�ZLWK�WKHVH������09(%V�WKURXJK�����

����������������������������������������
� 7KH UROOEDFN PRGHO ZDV SHUIRUPHG IRU $GD DQG &DQ\RQ FRXQWLHV FRPELQHG�
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GHPRQVWUDWHG�WKDW�WKH�30���VWDQGDUG�ZDV�SURWHFWHG��$SSHQGL[�-��6HFWLRQV�-���DQG�-���

UHVSHFWLYHO\����$Q�DGGLWLRQDO�02%,/(��PRGHOLQJ�UXQ�IRU�WKH�ZLQWHU�HSLVRGH�HPLVVLRQV�IURP

�����WR������ZDV�FRQGXFWHG�DQG�LW�IRXQG�WKDW�WKH�HPLVVLRQ�IDFWRUV�IRU�12;�DQG�92&�ZHUH

GHFUHDVLQJ�DW�D�IDVWHU�UDWH�WKDQ�$GD�&RXQW\�907�ZDV�LQFUHDVLQJ��$SSHQGL[�-��6HFWLRQ�-������

7KHUHIRUH��WKH�PRWRU�YHKLFOH�HPLVVLRQV�IRU�12;�DQG�92&�LQ�WKH�EDVH�\HDU�������ZLWK�D����

PDUJLQ�RI�VDIHW\�ZLOO�DSSO\�DV�WKH�09(%�XQWLO��������7KLV�LQWHULP������09(%�IRU�12[�LV

�����WSG��DQG�IRU�92&�LV������WSG�

,Q�������WKHVH�LQWHULP�09(%V�IRU�12[�DQG�92&�ZLOO�WHUPLQDWH�DQG�D�QHZ�LQWHULP�09(%�IRU

WKRVH�WZR�SROOXWDQWV�ZLOO�JR�LQWR�HIIHFW���7KLV�EXGJHW�LV�EDVHG�RQ�PRWRU�YHKLFOH�HPLVVLRQV�DV

SURMHFWHG�IRU������LQ�7DEOH��������1R�VDIHW\�PDUJLQ�ZDV�GHHPHG�QHFHVVDU\�IRU�WKLV�QHZ

LQWHULP�09(%���7KLV�LQWHULP�09(%�IURP������WKURXJK������IRU�12;�LV������WSG��DQG�IRU

92&�LV�����WSG���)LQDOO\��WKH�09(%�IRU�WKH�PDLQWHQDQFH�\HDU�RI�������DQG�EH\RQG��LV�����WSG

IRU�12;�DQG�����WSG�IRU�92&�

7KH�'(4�KDV�FDOFXODWHG�WKDW�WKHVH�EXGJHWV�ZLOO�HQDEOH�WKH�0DLQWHQDQFH�$UHD�WR�VKRZ

WUDQVSRUWDWLRQ�SODQ�DQG�SURJUDP�FRQIRUPLW\�IRU�30���VXFFHVVIXOO\�WKURXJKRXW�WKH�PDLQWHQDQFH

SHULRG�

����� 6XPPDU\�DQG�&RQFOXVLRQV

7KH�WDEOH�EHORZ�SURYLGHV�D�VXPPDU\�RI�WKH�09(%V�IRU�1RUWKHUQ�$GD�&RXQW\�E\�SROOXWDQW�DQG

\HDU���6XSSRUWLQJ�LQIRUPDWLRQ�WKDW�FRQILUPV�FRQWLQXHG�PDLQWHQDQFH�RI�WKH�DQQXDO�30��

VWDQGDUG�EH\RQG������ZLWK�WKHVH�EXGJHWV�LV�FRQWDLQHG�LQ�$SSHQGL[�(��6HFWLRQ�������/LNHZLVH�

VXSSRUWLQJ�LQIRUPDWLRQ�WKDW�GHPRQVWUDWHV�SURWHFWLRQ�RI�WKH�HSLVRGLF�DQG�DQQXDO�30���VWDQGDUGV

GXULQJ�WKH�����������SHULRG��EDVHG�RQ�D�12;�DQG�92&�09(%�IRU������WKDW�LV�KLJKHU�WKDQ

WKH������09(%�UHVSHFWLYHO\��LV�FRQWDLQHG�LQ�$SSHQGL[�-��6HFWLRQV�-���DQG�-����UHVSHFWLYHO\�

<HDU 30����WSG� 12;��WSG� 92&��WSG�

���� ����� ���� ����

���� ����� ���� ���

���� ����� ��� ���

,Q�DFFRUGDQFH�ZLWK�WKH�FRQIRUPLW\�UXOH��WKH�HPLVVLRQV�EXGJHW�DSSOLHV�DV�D�FHLOLQJ�RQ�HPLVVLRQV

LQ�WKH�\HDU�IRU�ZKLFK�LW�LV�GHILQHG��DQG�IRU�DOO�VXEVHTXHQW�\HDUV�XQWLO�DQRWKHU�\HDU�IRU�ZKLFK�D

GLIIHUHQW�EXGJHW�LV�GHILQHG�RU�XQWLO�D�6,3�UHYLVLRQ�PRGLILHV�WKH�EXGJHW���7KXV��WKH������09(%

ZLOO�DSSO\�IRU�DQ\�FRQIRUPLW\�KRUL]RQ�\HDU�WKURXJK�������DQG�WKH������09(%�ZLOO�DSSO\�IRU

DQ\�FRQIRUPLW\�KRUL]RQ�\HDU�IURP������WKURXJK�������DQG�WKH������IRU�DOO�VXEVHTXHQW�\HDUV�
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)LJXUH�������5HODWLYH�FRQWULEXWLRQ�LQ������RI�PDMRU�VRXUFH�FDWHJRULHV�WR�WRWDO�HPLVVLRQV�RI

HDFK�SROOXWDQW�

)LJXUH�������5HODWLYH�HPLVVLRQV�FRQWULEXWLRQ�GXULQJ�WKH�'HFHPEHU����������HSLVRGH�GD\�E\

PDMRU�VRXUFHV�FDWHJRULHV�

1999 Annual Emissions, Ada and Canyon Counties 
Relative Contribution by Source Category
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1999 Episode Emissions, Ada and Canyon Counties
Relative Contribution by Major Source Category
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)LJXUH�������5HODWLYH�FRQWULEXWLRQ�LQ������RI�PDMRU�VRXUFH�FDWHJRULHV�WR�WRWDO�HPLVVLRQV�RI

HDFK�SROOXWDQW�

)LJXUH�������5HODWLYH�HPLVVLRQV�FRQWULEXWLRQ�IRU�WKH������HSLVRGH�E\�PDMRU�VRXUFHV�FDWHJRULHV�

2015 Annual Emissions, Ada and Canyon Counties 
Relative Contribution by Source Category
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2015 Episode Emissions, Ada and Canyon Counties
Relative Contribution by Major Source Category
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7DEOH��²���������DQQXDO�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�FRXQWLHV�FRPELQHG�
30�� 12[ 62[ 1+� 92& &2

6RXUFH &DWHJRU\ WRQV�\HDU � RI WRWDO WRQV�\HDU � RI WRWDO WRQV�\HDU � RI WRWDO WRQV�\HDU � RI WRWDO WRQV�\HDU � RI WRWDO WRQV�\HDU � RI WRWDO

,QGXVWULDO 3RLQW 6RXUFHV ����� ���� ����� ���� ����� ����� ��� ���� ����� ���� ����� ����

$UHD 6RXUFHV ������ ����� ����� ���� ��� ���� ����� ����� ������ ����� ������ ����

5HVLGHQWLDO :RRG &RPEXVWLRQ ��� ���� �� ���� � ���� � ���� ����� ���� ����� ����

2WKHU )XHO &RPEXVWLRQ ��� ���� ��� ���� �� ���� � ���� �� ���� ��� ����

2SHQ %XUQLQJ ����� ���� ��� ���� �� ���� � ���� ����� ���� ����� ����

$JULFXOWXUDO $FWLYLWLHV ������ ����� � ���� � ���� � ���� � ���� � ����

2WKHU )XJLWLYH 'XVW ����� ���� � ���� � ���� � ���� � ���� � ����

$PPRQLD VRXUFHV � ���� � ���� � ���� ����� ����� � ���� � ����

%LRJHQLF (PLVVLRQV � ���� ��� ���� � ���� � ���� ������ ����� � ����

92& 6RXUFHV � ���� � ���� � ���� � ���� ����� ����� � ����

2Q�5RDG 0RELOH 6RXUFHV ������ ����� ����� ����� ��� ����� ��� ���� ����� ����� ������ �����

9HKLFOH (PLVVLRQV �([KDXVW� 7LUH :HDU�

	 %UDNH :HDU�

��� ���� ����� ����� ��� ����� ��� ���� ����� ����� ������ �����

)XJLWLYH 5RDG 'XVW ������ ����� � ���� � ���� � ���� � ���� � ����

1RQ�5RDG 0RELOH 6RXUFHV ��� ���� ����� ����� ����� ����� �� ���� ����� ����� ������ �����

$LUFUDIW �� ���� ��� ���� �� ���� � ���� ��� ���� ����� ����

$LUSRUW *URXQG 6XSSRUW (TXLSPHQW � ���� �� ���� �� ���� � ���� ��� ���� ����� ����

/DZQ 	 *DUGHQ (TXLSPHQW ��� ���� ��� ���� ��� ���� � ���� ����� ���� ������ �����

5HFUHDWLRQDO (TXLSPHQW � ���� �� ���� � ���� � ���� ��� ���� ����� ����

&RPPHUFLDO DQG ,QGXVWULDO (TXLSPHQW ��� ���� ����� ���� ��� ���� � ���� ��� ���� ������ ����

&RQVWUXFWLRQ DQG 0LQLQJ (TXLSPHQW ��� ���� ����� ���� ��� ����� � ���� ��� ���� ����� ����

$JULFXOWXUDO (TXLSPHQW ��� ���� ����� ����� ��� ����� � ���� ��� ���� ����� ����

5HFUHDWLRQDO 0DULQH 9HVVHOV � ���� �� ���� � ���� � ���� ��� ���� ��� ����

/RFRPRWLYHV DQG 5DLOURDG (TXLSPHQW �� ���� ��� ���� �� ���� � ���� �� ���� �� ����

727$/ ������ ������ ����� ����� ������ �������
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7DEOH������������HSLVRGH�HPLVVLRQ�LQYHQWRULHV��$GD�DQG�&DQ\RQ�&RXQWLHV�FRPELQHG��(PLVVLRQV�DUH�IRU�WKH�KLJKHVW�FRQFHQWUDWLRQ�GD\

�)ULGD\��'HF�����
30�� 12[ 62[ 1+� 92& &2

6RXUFH &DWHJRU\ WRQV�GD\ � RI WRWDO WRQV�GD\ � RI WRWDO WRQV�GD\ � RI WRWDO WRQV�GD\ � RI WRWDO WRQV�GD\ � RI WRWDO WRQV�GD\ � RI WRWDO

,QGXVWULDO 3RLQW 6RXUFHV ���� ���� ���� ����� ����� ����� ���� ����� ���� ���� ����� ����

$UHD 6RXUFHV ���� ���� ���� ����� ���� ���� ����� ����� ����� ����� ����� �����

5HVLGHQWLDO :RRG &RPEXVWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� ����� �����

2WKHU )XHO &RPEXVWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

2SHQ %XUQLQJ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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7KH�&$$�UHTXLUHV�WKDW�PRGHUDWH�30���QRQDWWDLQPHQW�DUHD�SODQV�LQFOXGH�SURYLVLRQV�WR�HQVXUH

WKDW�5$&0�LV�LPSOHPHQWHG�QR�ODWHU�WKDQ���\HDUV�DIWHU�GHVLJQDWLRQ���7KH�$FW�IXUWKHU�UHTXLUHV

WKDW�WKH�SODQ�SURYLGH�IRU�LPSOHPHQWDWLRQ�RI�FRQWUROV�RQ�30���VRXUFHV��ZLWKLQ�WKH�VDPH�WLPH

SHULRG��UHIOHFWLQJ�UHDVRQDEO\�DYDLODEOH�FRQWURO�WHFKQRORJ\��5$&7����5$&0�DQG�5$&7�DUH

QRW�UHTXLUHG��KRZHYHU��IRU�VRXUFHV�WKDW�GR�QRW�FRQWULEXWH�VLJQLILFDQWO\�WR�YLRODWLRQV�RI�WKH����

KRXU�RU�DQQXDO�30���1$$46��RU�ZKHUH�DGGLWLRQDO�FRQWUROV�RQ�WKH�VRXUFHV�ZRXOG�QRW�H[SHGLWH

DWWDLQPHQW�RI�WKH�1$$46���7KH�&$$·V�6HFWLRQ�����H��UHTXLUHV�WKDW�WKH�5$&7�SURYLVLRQ�DSSO\

WR�JDVHRXV�SUHFXUVRUV�RI�30���H[FHSW�ZKHUH�(3$�GHWHUPLQHV�WKDW�VXFK�VRXUFHV�GR�QRW

FRQWULEXWH�VLJQLILFDQWO\�WR�30���OHYHOV�WKDW�H[FHHG�WKH�VWDQGDUG�

7KH������1RUWKHUQ�$GD�FRXQW\�%RLVH�3DUWLFXODWH�30���$LU�4XDOLW\�,PSURYHPHQW�3ODQ

�UHIHUUHG�WR�DV�WKH������6,3��LGHQWLILHG�HPLVVLRQV�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ�DV�WKH

GRPLQDQW�SDUWLFXODWH�SROOXWLRQ�VRXUFH�LQ�1RUWKHUQ�$GD�&RXQW\��DFFRXQWLQJ�IRU�����RI

ZLQWHUWLPH�GDLO\�HPLVVLRQV���$FFRUGLQJO\��WKH�'(4�VWDII�IRFXVHG�HIIRUWV�WR�FRQWURO�ZRRG

EXUQLQJ�HPLVVLRQV�DQG�FRQWURO�RI�WKHVH�HPLVVLRQV�ZHUH�WKH�NH\VWRQH�RI�WKH������6,3�VXEPLWWHG

WR�(3$���,Q�DGGLWLRQ�WR�ZRRG�VPRNH�FRQWUROV��(3$�SROLF\�KDV�LGHQWLILHG�URDG�GXVW��SUHVFULEHG

VLOYLFXOWXUDO�DQG�DJULFXOWXUDO�EXUQLQJ��DQG�VWDWLRQDU\�VRXUFH�FRQWURO�DV�5$&7�5$&0���,Q

6HSWHPEHU�������(3$�FRQFXUUHG�WKDW�5$&0�5$&7�IRU�1RUWKHUQ�$GD�&RXQW\�GLG�QRW�UHTXLUH

DQ\�DGGLWLRQDO�GLUHFW�FRQWUROV�RXWVLGH�RI�WKH�ZRRG�EXUQLQJ�SURJUDP���6HH����)5���������(3$

ZDV�XQDEOH�WR�IXOO\�DSSURYH�WKH�ZRRG�EXUQLQJ�FRQWURO�PHDVXUHV�DQG�WKH�PRGHOHG�DWWDLQPHQW

GHPRQVWUDWLRQ�RI�WKH������6,3��KRZHYHU��EHFDXVH�WKH�6,3�RQO\�LQFOXGHG�DGRSWHG�RUGLQDQFHV

IRU�WKH�&LW\�RI�%RLVH�ZKLOH�LQGLFDWLQJ�LQ�WKH�FRQWURO�VWUDWHJ\�WKDW�DOO�FLWLHV�DQG�WKH

XQLQFRUSRUDWHG�DUHDV�RI�WKH�$GD�&RXQW\�ZRXOG�KDYH�RUGLQDQFHV�SURKLELWLQJ�WKH�VDOH�DQG

LQVWDOODWLRQ�RI�XQFHUWLILHG�ZRRG�VWRYHV���6LQFH�WKDW�WLPH��WKH�FLWLHV�KDYH�HQDFWHG�ZRRG�VPRNH

FRQWURO�UHJXODWLRQV�DQG�$GD�&RXQW\�DQG�*DUGHQ�&LW\�KDYH�SURKLELWHG�XQFHUWLILHG�ZRRG�VWRYHV

DQG�WKH�6WDWH�RI�,GDKR�VXEPLWWHG�D�UHYLVHG�6,3�ZLWK�WKH�DGRSWHG�RUGLQDQFHV�RQ�'HFHPEHU����

�������,Q�0D\�������(3$�DFFHSWHG�WKH�QHZ�RUGLQDQFHV�DV�VXIILFLHQW�WR�VDWLVI\�WKH

5$&0�5$&7�UHTXLUHPHQWV�DQG�IXOO\�DSSURYHG�WKH�30���6,3�IRU�1RUWKHUQ�$GD�&RXQW\���6HH
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1RUWKHUQ�$GD�&RXQW\·V�DWWDLQLQJ�DQG�PDLQWDLQLQJ�FRPSOLDQFH�ZLWK�WKH�30���DPELHQW�DLU

TXDOLW\�VWDQGDUG�

$LU�4XDOLW\�,QGH[�3URJUDP

7KH������6,3�FRQWDLQHG�WKH�$LU�4XDOLW\�,QGH[��$4,��SURJUDP�WR�VXSSRUW�WKH�SXEOLF

LQIRUPDWLRQ�DQG�UHJXODWRU\�FRPSRQHQWV�RI�WKH�30���6,3���,W�FRQVLVWHG�RI�D�'(4�SKRQH�KRWOLQH

WR�SURYLGH�LQIRUPDWLRQ�RQ�PHDVXUHG�DQG�SUHGLFWHG�DPELHQW�DLU�SROOXWLRQ�OHYHOV��QRW�RQO\�IRU

30���EXW�DOVR�&DUERQ�0RQR[LGH���,QIRUPDWLRQ�RQ�YROXQWDU\�DQG�RU�PDQGDWRU\�ZRRG�EXUQLQJ

FXUWDLOPHQWV�ZDV�LQFOXGHG�LQ�WKH�GDLO\�UHSRUW���6LQFH�WKDW�WLPH��FRPPXQLFDWLRQ�WHFKQRORJ\�KDV

JUHDWO\�LPSURYHG�DQG�FXUUHQWO\��VXFK�LQIRUPDWLRQ�RQ�DLU�TXDOLW\�OHYHOV�DQG�EXUQ�FRQGLWLRQV�LV

LQVWDQWO\�DYDLODEOH�RQ�WKH�'(4�ZHEVLWH�IRU�IRXUWHHQ�UHJLRQV�RI�WKH�6WDWH�
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UHGXFHG�UHOLDQFH�RQ�ZRRG�EXUQLQJ�GXULQJ�FULWLFDO�DLU�TXDOLW\�SHULRGV��DQG�HVWDEOLVKLQJ

UHDVRQDEOH�DOWHUQDWLYHV�WR�WKH�XVH�RI�ZRRG�IRU�KHDW���.H\�HOHPHQWV�LQ�WKH�FXUUHQW�ZRRG�EXUQLQJ

EDQ�SURJUDP�LQFOXGH�LVVXLQJ�D�YROXQWDU\�ZRRG�EXUQLQJ�EDQ�ZKHQ�OHYHOV�RI�30���UHDFK���

µJ�P��DQG�D�PDQGDWRU\�ZRRG�EXUQLQJ�EDQ�ZKHQ�OHYHOV�UHDFK�����µJ�P���D�ZRRG�VPRNH�SXEOLF

HGXFDWLRQ�DQG�DZDUHQHVV�SURJUDP��D�ZRRG�VWRYH�FHUWLILFDWLRQ�SURJUDP��DQG�D�ZRRG�VWRYH

FKDQJH�RXW�SURJUDP���(DFK�FLW\�LQ�$GD�&RXQW\��DQG�WKH�XQLQFRUSRUDWHG�DUHD�RI�WKH�FRXQW\�

FRQWDLQV�DQ�RUGLQDQFH�SURKLELWLQJ�WKH�XVH�RI�ZRRG�VWRYHV�RU�ILUHSODFHV�ZKHQ�DQ�DLU�TXDOLW\�DOHUW

RFFXUV�DV�QRWHG�DERYH���$GGLWLRQDOO\��HDFK�RUGLQDQFH�UHTXLUHV�RQO\�LQVWDOODWLRQ�RI�(3$

FHUWLILHG�ZRRG�VWRYHV�

2SHQ�%XUQLQJ�%DQ�3URJUDP

6LPLODU�WR�WKH�5HVLGHQWLDO�:RRG�%XUQLQJ�SURJUDP��WKH�2SHQ�%XUQLQJ�%DQ�SURJUDP�FRQWDLQV

YROXQWDU\�EDQV�ZKHQ�30���UHDFKHV����µJ�P� DQG�PDQGDWRU\�EXUQLQJ�EDQV�DW�WKH�6WDJH�2QH

)RUHFDVW�DQG�&DXWLRQ�OHYHO���7KH�6WDJH�2QH�OHYHO�LV�WKH����KRXU�1$$46������µJ�P��DV�VHW�LQ

,GDKR�$GPLQLVWUDWLYH�3URFHGXUHV�$FW��,'$3$���5XOH���������������DV�PRGLILHG�LQ��������7KH

YROXQWDU\�EDQ�LV�QRW�VXSSRUWHG�E\�UHJXODWLRQ��EXW�GRHV�DSSO\�WR�ERWK�$GD�DQG�&DQ\RQ�FRXQWLHV�

)LQDOO\��WKH�XQLQFRUSRUDWHG�SRUWLRQV�RI�$GD�&RXQW\�SDVVHG�RUGLQDQFHV�LQ������WKDW�SURKLELW

RSHQ�EXUQLQJ�DW�OHYHOV�DERYH�DSSUR[LPDWHO\����µJ�P����,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKH�6WDWH

RSHQ�EXUQLQJ�UXOH�LV�FXUUHQWO\�XQGHUJRLQJ�D�QHJRWLDWHG�UXOHPDNLQJ�SURFHVV�WR�UHPHG\�VRPH

LQFRQVLVWHQFLHV�ZLWK�RWKHU�ORFDO��VWDWH��DQG�IHGHUDO�UXOHV�

7LHU�,,�2SHUDWLQJ�3HUPLWV

'(4�LV�LQ�WKH�SURFHVV�RI�LVVXLQJ�7LHU�,,�2SHUDWLQJ�3HUPLWV�WKDW�VHW�HPLVVLRQ�OLPLWV�IRU�DQ

LQGXVWULDO�IDFLOLW\�DW�LWV�DFWXDO�HPLVVLRQV�SOXV�D�VPDOO�EXIIHU�WKURXJKRXW�,GDKR���%HIRUH�ORZHULQJ

WKH�HPLVVLRQ�OLPLWV�RI�D�QXPEHU�D�IDFLOLWLHV�LQ�$GD�&RXQW\�WKH�0DLQWHQDQFH�3ODQ�IXWXUH�\HDU

GLVSHUVLRQ�PRGHOLQJ�UHVXOWV�VKRZHG�WKH�SRWHQWLDO�IRU�30�� H[FHHGDQFHV�LQ�DUHDV�DGMDFHQW�WR�WKH

LGHQWLILHG�IDFLOLWLHV�DV�D�UHVXOW�RI�WKH�IDFLOLWLHV�DOORZDEOH�HPLVVLRQV���,Q�DQ�HIIRUW�WR�UHVROYH

WKHVH�SRWHQWLDO�H[FHHGDQFHV�WKH�IDFLOLWLHV�WKDW�KDG�ODUJH�DOORZDEOH�HPLVVLRQV�DQG�IDFLOLWLHV�ZLWK

QR�SUHYLRXV�DLU�TXDOLW\�SHUPLWV�ZHUH�LVVXHG�SHUPLWV�WKDW�OLPLWHG�DOO�WKH�30���HPLVVLRQV�OHYHOV

WR�IXOO\�PHHW�DOO�DSSOLFDEOH�DLU�TXDOLW\�VWDQGDUGV�

,Q�WRWDO����VRXUFHV�UHTXLUHG�QHZ�SHUPLWV�WR�UHGXFH�DOORZDEOH�HPLVVLRQ�WR�PHHW�DLU�TXDOLW\

VWDQGDUGV��7KHVH�VRXUFHV�DUH�VXPPDUL]HG�EHORZ�
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6RXUFH


Z�R 7LHU ,, 23

30�� $OORZDEOH 7RQV�<HDU

Z� 7LHU ,, 23

30�� $OORZDEOH 7RQV�<HDU

/3 :RRG 3RO\PHUV �� �

0LNH·V 6DQG DQG *UDYHO ��� ����

&RQVROLGDWHG &RQFUHWH �� ����

&URRNKDP &RPSDQ\ ��� ����

'' 6HUYLFH &HQWHU ��� ���

3OXP &UHHN /XPEHU &RPSDQ\ ��� ����

&� :ULJKW &RQVWUXFWLRQ ���� ����

1HOVRQ &RQVWUXFWLRQ �� VRXUFHV� �� HDFK ���� HDFK

,GDKR &RQFUHWH �� VRXUFHV� �� HDFK ���� HDFK

7KHVH�HVWLPDWHG�YDOXHV�ZHUH�REWDLQHG�IURP������RU������'(4�HPLVVLRQ�LQYHQWRULHV�RU�7LHU�,,

RSHUDWLQJ�SHUPLW�DSSOLFDWLRQ�SURYLGHG�E\�WKH�IDFLOLW\�

,Q�DGGLWLRQ�WR�WKH����VRXUFHV�PHQWLRQHG�DERYH��7KH�$PDOJDPDWHG�6XJDU�&RPSDQ\��7$6&2�

LQ�&DQ\RQ�&RXQW\�ZDV�VKRZQ�WR�SRWHQWLDOO\�FRQWULEXWH�WR�30�� H[FHHGDQFHV�LQ�&DQ\RQ�&RXQW\�

7R�DGGUHVV�WKLV�SUREOHP��'(4�KDV�LVVXHG�D�QHZ�7LHU�,,�2SHUDWLQJ�3HUPLW�WKDW�UHTXLUHV�WKH

FRPSDQ\�WR�UHGXFH�HPLVVLRQV�VXIILFLHQWO\�WR�DGGUHVV�WKHVH�DLU�TXDOLW\�FRQFHUQV���'XH�WR�WKH�VL]H

DQG�FRPSOH[LW\�RI�HPLVVLRQ�VRXUFHV�DW�7$6&2��DOORZDEOH�HPLVVLRQV�ZLOO�EH�LPPHGLDWHO\

UHGXFHG�WR�LQVXUH�WKDW�7$6&2�LPSDFWV�LQ�$GD�&RXQW\�DUH�DW�DFFHSWDEOH�OHYHOV���$�FRPSOLDQFH

VFKHGXOH�LQ�WKH�SHUPLW�WKHQ�UHTXLUHV�7$6&2�WR�DGG�FRQWURO�GHYLFHV�ZLWKLQ�ILYH�\HDUV�WR�HQVXUH

WKDW�7$6&2�GRHV�QRW�FDXVH�RU�FRQWULEXWH�WR�D�YLRODWLRQ�RI�DLU�TXDOLW\�VWDQGDUGV�DQ\ZKHUH�LQ

WKH�7UHDVXUH�9DOOH\�LQ�WKH�IXWXUH�

$OO�SHUPLWV�PHQWLRQHG�KHUH�DUH�LQFOXGHG�DV�SDUW�RI�WKLV�3ODQ�DQG�DUH�QHFHVVDU\�WR�WKH�3ODQ
V

GHPRQVWUDWLRQ�RI�DWWDLQPHQW�

$GGLWLRQDO�UXOHV�WKDW�FRPSOHPHQW�DWWDLQPHQW�RI�WKH�30���VWDQGDUGV

6HYHUDO�UXOHV�FRQWDLQHG�LQ�WKH�,GDKR�VWDWXWHV�FRPSOHPHQW�WKH�VSHFLILF�30���FRQWURO�VWUDWHJLHV

QRWHG�DERYH���7KH\�LQFOXGH�WKH�UHFHQWO\�HQDFWHG�VWDWH�WUDQVSRUWDWLRQ�FRQIRUPLW\�UXOH�DQG�DQ

LQWHULP�WUDQVSRUWDWLRQ�FRQIRUPLW\�UXOH�IRU�1RUWKHUQ�$GD�&RXQW\��DSSURYHG�E\�(3$�RQ�$SULO

���������6HH����)5���������7KH�VWDWH�FRQIRUPLW\�UXOH�LV�IRXQG�LQ�,'$3$������������������

DQG�WKH�1RUWKHUQ�$GD�&RXQW\�UXOH�LV�IRXQG�LQ�,'$3$����������������2WKHU�UXOHV�DIIHFW�WKH

HPLVVLRQV�IURP�LQGXVWULDO�VRXUFHV��IXJLWLYH�GXVW��PRWRU�YHKLFOHV��HVSHFLDOO\�GLHVHO���DQG�VPRNH

PDQDJHPHQW�SURJUDPV�RI�WKH�8�6��)RUHVW�6HUYLFH�

�����3HUPDQHQW�DQG�(QIRUFHDEOH�&RQWURO�0HDVXUHV

7KH�&$$�UHTXLUHV�WKDW�HDFK�PDLQWHQDQFH�SODQ�GHPRQVWUDWH�WKDW�WKRVH�PHDVXUHV�WKDW�ZHUH

FUHGLWHG�ZLWK�EULQJLQJ�WKH�DUHD�LQWR�DWWDLQPHQW�EH�IHGHUDOO\�HQIRUFHDEOH�DQG�FRQWLQXHG�LQWR�WKH

IXWXUH���(3$�KDV�LVVXHG�JXLGDQFH��VSHFLI\LQJ�WKDW��LQ�RUGHU�IRU�DQ�DUHD�WR�EH�UHGHVLJQDWHG�WR

����������������������������������������
� ´3URFHGXUHV IRU 3URFHVVLQJ 5HTXHVWV WR 5HGHVLJQDWH $UHDV WR $WWDLQPHQW�µ 0HPRUDQGXP IURP -RKQ &DOFDJQL�

'LUHFWRU� $LU 4XDOLW\ 0DQDJHPHQW 'LYLVLRQ� 8�6� (3$ 2IILFH RI $LU 4XDOLW\ 3ODQQLQJ DQG 6WDQGDUGV� 6HSWHPEHU

�� �����
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DWWDLQPHQW��D�6WDWH�PXVW�EH�DEOH�WR�UHDVRQDEO\�DWWULEXWH�WKH�LPSURYHPHQWV�LQ�DLU�TXDOLW\�WR

HPLVVLRQ�UHGXFWLRQV�WKDW�DUH�SHUPDQHQW�DQG�HQIRUFHDEOH���(FRQRPLF�GRZQWXUQV�DQG�XQXVXDO

PHWHRURORJ\�DUH�QRW�DFFHSWDEOH�VWUDWHJLHV�WR�ORZHU�SROOXWDQW�OHYHOV�VLQFH�WKH\�PD\�QRW�EH

VXVWDLQDEOH�LQ�IXWXUH�VFHQDULRV��7KH�UHVLGHQWLDO�ZRRG�EXUQLQJ�EDQ�SURJUDP��DQG�WKH�RSHQ

EXUQLQJ�EDQ�SURJUDP�PHHW�WKLV�UHTXLUHPHQW�DV�WKH\�DUH�HQDFWHG�DQG�FXUUHQWO\�EHLQJ

LPSOHPHQWHG�DW�WKH�UHVSHFWLYH�OHYHOV�RI�JRYHUQPHQW�WKURXJKRXW�1RUWKHUQ�$GD�&RXQW\���7KHVH

ZHUH�DSSURYHG�E\�WKH�(3$��6HH����)5��������DV�PHHWLQJ�WKH�5$&0�5$&7�UHTXLUHPHQWV�

7KH\�ZHUH�DOVR�IRXQG�WR�PHHW�WKH�HQIRUFHDELOLW\�UHTXLUHPHQWV�RI�WKH�&$$���7KH�0DLQWHQDQFH

'HPRQVWUDWLRQ�FRQWDLQHG�LQ�6HFWLRQ���SURYLGHV�GRFXPHQWDWLRQ�WKDW�DVVXUHV�WKH�DUHD�ZLOO

PDLQWDLQ�30���DWWDLQPHQW�IRU�WKH�IRUHVHHDEOH�IXWXUH�DV�D�UHVXOW�RI�LPSOHPHQWLQJ�WKHVH

PHDVXUHV���7KHUHIRUH��WKH�1RUWKHUQ�$GD�&RXQW\�SODQ�PHHWV�WKH�&$$�UHTXLUHPHQW�IRU

SHUPDQHQW�DQG�HQIRUFHDEOH�FRQWURO�PHDVXUHV�

�����&RQWLQJHQF\�0HDVXUHV

6HFWLRQ����$�RI�WKH�$FW�UHTXLUHV�WKDW�D�PDLQWHQDQFH�SODQ�LQFOXGH�FRQWLQJHQF\�SURYLVLRQV��DV

QHFHVVDU\�WR�SURPSWO\�FRUUHFW�DQ\�YLRODWLRQ�RI�WKH�1$$46�ZKLFK�PD\�RFFXU�DIWHU

UHGHVLJQDWLRQ�RI�WKH�DUHD�WR�DWWDLQPHQW���0RGHUDWH�30���QRQDWWDLQPHQW�DUHDV�PXVW�LQFOXGH

DGRSWHG�FRQWLQJHQF\�PHDVXUHV�WKDW�ZRXOG�FRQWURO�WKH�HTXLYDOHQW�RI�����RI�WKH�QHHGHG

HPLVVLRQ�UHGXFWLRQV���7KH�����ILJXUH�LV�WKH�DPRXQW�DSSUR[LPDWHO\�UHTXLUHG�WR�GHPRQVWUDWH

5HDVRQDEOH�)XUWKHU�3URJUHVV���'(4·V�UHYLVLRQV��-XO\�����������WR�WKH������6,3�LQFOXGHG

HPLVVLRQ�UHGXFWLRQV�IURP�´RYHU�FRQWUROµ�RI�WKH�FRUH�6,3�PHDVXUHV���)XJLWLYH�URDG�GXVW�DQG

ZRRG�VPRNH�FRQWURO�PHDVXUH�UHGXFWLRQV�LQ�WKH�6,3�SURYLGHG�����RI�WKH�UHTXLUHG�����&$$

FRQWLQJHQF\�PHDVXUH�UHGXFWLRQ�UHTXLUHPHQW���7KH�UHPDLQLQJ����ZRXOG�EH�REWDLQHG�LQ�DQ

H[LVWLQJ�DJUHHPHQW�ZLWK�WKH�,GDKR�7UDQVSRUWDWLRQ�'HSDUWPHQW��,'7��DQG�WKH�$GD�&RXQW\

+LJKZD\�'HSDUWPHQW��$&+'��WR�UHGXFH�SDUWLFXODWHV�E\�SULRULWL]HG�URDG�VDQGLQJ�RI�WKRVH

VWUHHWV�KDYLQJ�WKH�KLJKHVW�SRWHQWLDO�WR�HPLW�30���

1RUPDOO\��FRQWLQJHQF\�PHDVXUHV�LQ�D�PDLQWHQDQFH�SODQ�DUH�GLVWLQFW�IURP�WKRVH�LQ�WKH

DWWDLQPHQW�SODQ����$Q�H[FHSWLRQ��ZKLFK�DSSHDUV�WR�DSSO\�WR�WKH�1RUWKHUQ�$GD�&RXQW\�SODQ��LV

WKDW�LI�WKH�FRQWLQJHQF\�PHDVXUHV�LQ�WKH�QRQDWWDLQPHQW�DUHD�6,3�KDYH�QRW�EHHQ�LPSOHPHQWHG�WR

DWWDLQ�WKH�VWDQGDUGV�DQG�WKH\�LQFOXGH�D�UHTXLUHPHQW�WKDW�WKH�6WDWH�ZLOO�LPSOHPHQW�DOO�RI�WKH

30���FRQWURO�PHDVXUHV�ZKLFK�ZHUH�FRQWDLQHG�LQ�WKH�6,3�EHIRUH�UHGHVLJQDWLRQ�WR�DWWDLQPHQW�

WKHQ�WKH\�FDQ�EH�FDUULHG�RYHU�LQWR�WKH�DUHD·V�0DLQWHQDQFH�3ODQ���7KH�FRQWLQJHQF\�PHDVXUHV�LQ

WKH�DSSURYHG�QRQDWWDLQPHQW�SODQ��GHVFULEHG�EHORZ��KDYH�QRW�EHHQ�XVHG�WR�KHOS�DWWDLQ�WKH

VWDQGDUGV���7KH�DGRSWHG�PHDVXUHV�LQ�WKH�DSSURYHG�QRQDWWDLQPHQW�SODQ�DUH�

��� 2YHU�FRQWURO�IURP�ZRRG�VPRNH�FRQWURO�PHDVXUHV�GHVLJQHG�WR�DWWDLQ�WKH�VWDQGDUGV�

7KH������6,3�ZRRG�VPRNH�SURJUDP�UHTXLUHG�DQ�����UHGXFWLRQ�LQ�HPLVVLRQV�WR�OHDG�WR

RYHUDOO�DWWDLQPHQW�RI�WKH����KRXU�30���VWDQGDUG�E\��������%DVHG�XSRQ�WKH�PRGHOLQJ�LQ

WKH������6,3��WKH�FRQWURO�PHDVXUHV�DGRSWHG�SURYLGH�DQ�HVWLPDWHG�����UHGXFWLRQ��ZKLFK

DPRXQW�WR�����DGGLWLRQDO�UHGXFWLRQ�WKDQ�QHFHVVDU\���7KLV�OHDYHV�DQRWKHU����UHGXFWLRQ

UHTXLUHG�IURP�RWKHU�FRQWLQJHQF\�PHDVXUHV�WR�VDWLVI\�WKH�RYHUDOO�����UHGXFWLRQ

UHTXLUHPHQW�IURP�WKH�(3$�

����������������������������������������
� 6HH 6HFWLRQ ����F���� RI WKH &$$ IRU UHTXLUHPHQWV LQ WKH QRQDWWDLQPHQW SODQ�
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��� 5HGXFWLRQ�RI�IXJLWLYH�URDG�GXVW���7KH������VXEPLWWDO�E\�'(4�RI�UHYLVLRQV�WR�WKH�����

6,3�LQFOXGHG�D�VLJQHG�DJUHHPHQW�ZLWK�WKH�,'7�DQG�WKH�$&+'�WKDW�GHWDLOHG�D�URDG�

VZHHSLQJ�SURJUDP�GHVLJQHG�WR�UHGXFH�SDUWLFXODWH�HPLVVLRQV���7KLV�ZRXOG�EH

LPSOHPHQWHG�E\�SULRULWL]LQJ�URDG�VZHHSLQJ�IRU�VWUHHWV�KDYLQJ�WKH�KLJKHVW�SRWHQWLDO�IRU

HPLWWLQJ�30���DQG�LQ�DUHDV�KDYLQJ�KLJKHVW�SRWHQWLDO�OHYHOV�RI�30������7KRVH�VWUHHWV�ZLWK

KLJKHVW�HQWUDLQHG�GXVW�ZLOO�EH�VZHSW�ILUVW�DQG�PRUH�IUHTXHQWO\���7KH�HVWLPDWHG�UHGXFWLRQ

LQ�30���HPLVVLRQV�LV�����DQG��ZKHQ�FRPELQHG�ZLWK�WKH�RYHU�FRQWURO�IURP�ZRRG�VPRNH

PHDVXUHV��PRUH�WKDQ�VDWLVILHV�WKH�WRWDO�����FRQWLQJHQF\�PHDVXUH�UHTXLUHPHQW�

7KH�IROORZLQJ�OLVW�RI�FRQWLQJHQF\�PHDVXUHV�FRQVLVWV�RI�WKRVH�PHDVXUHV�FXUUHQWO\�EHLQJ

GHYHORSHG�WKURXJKRXW�$GD�DQG�&DQ\RQ�FRXQWLHV��DV�ZHOO�DV�RWKHU�PHDVXUHV�WKDW�FDQ�EH

LPSOHPHQWHG�LQ�$GD�&RXQW\�DQG�PD\�EH�LPSOHPHQWHG�LQ�&DQ\RQ�&RXQW\�LI�WKHUH�LV�D�PHDVXUHG

H[FHHGDQFH�RI�WKH�IHGHUDO�30���VWDQGDUG�LQ�WKH�IXWXUH�

• $GRSW�ORFDO�RUGLQDQFHV�WKDW�UHTXLUH�WKH�FRYHULQJ�RI�DOO�ORDGV�RI�PDWHULDO�WKDW�PD\�KDYH

WKH�SRWHQWLDO�WR�FRQWULEXWH�WR�SDUWLFXODWH�PDWWHU�SROOXWLRQ�

• $GRSW�ORFDO�RUGLQDQFHV�WKDW�UHTXLUH�QR�WUDFN�RXW�RQWR�SDYHG�URDGV�IURP�VLWHV�

• $GRSW�ORFDO�RUGLQDQFHV�WKDW�UHTXLUH�QR�EXUQLQJ�RI�KRXVHKROG�JDUEDJH�

• (OLPLQDWH�ORFDO�SHUPLWV�WKDW�DOORZ�DQ\�NLQG�RI�XQFRQWUROOHG��RXWGRRU�EXUQLQJ�QRW

VSHFLILFDOO\�DOORZHG�XQGHU�,GDKR�6WDWH�ODZ�

• ([SDQG�WKH�H[LVWLQJ�9HKLFOH�,QVSHFWLRQ�DQG�0DLQWHQDQFH�3URJUDP�WR�LQFOXGH�WKH

WHVWLQJ�RI�DOO�UHJLVWHUHG�YHKLFOHV�LQ�$GD�&RXQW\�

• ([SDQG�PDQGDWRU\�EXUQLQJ�UHVWULFWLRQV�WR�LQFOXGH�FOHDQ�EXUQLQJ�ZRRGVWRYHV�GXULQJ�DLU

TXDOLW\�DOHUWV�

• $GRSW�ORFDO�RUGLQDQFHV�WKDW�SURKLELW�WKH�FRQVWUXFWLRQ�RI�DQ\�XQSDYHG�SULYDWH�URDGV�

GULYHZD\V�RU�SDUNLQJ�ORWV�

'XH�WR�FRQWLQXDO�FKDQJHV�LQ�WKH�PL[WXUH�RI�30���VRXUFHV�DQG�HYROYLQJ�WHFKQRORJLHV�WR

XQGHUVWDQG�DQG�FRQWURO�30�� HPLVVLRQV�DQG�SUHFXUVRU�JDVHV�RWKHU�FRQWLQJHQF\�PHDVXUHV�PD\

EHFRPH�YLDEOH�LQ�WKH�IXWXUH��([DPSOHV�RI�SRWHQWLDO�IXWXUH�FRQWLQJHQF\�PHDVXUHV�PLJKW�LQFOXGH

WKH�UHGXFWLRQ�WKH�5HLG�9DSRU�3UHVVXUH��593��RI�JDVROLQH��UHTXLULQJ�WKH�XVH�RI�GHFUHDVHG�VXOIXU

OHYHOV�LQ�IXHOV��ELRGLHVHO�DGGLWLYHV�WR�IXHO��DQG�LQVWLWXWLQJ�D�YDSRU�UHFRYHU\�SURJUDP�IRU�IXHOLQJ

RSHUDWLRQV�WKURXJKRXW�$GD�DQG�&DQ\RQ�&RXQWLHV��7KH�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\

DQG�WKH�&RPPXQLW\�3ODQQLQJ�$VVRFLDWLRQ�ZLOO�FRQWLQXH�WR�HYDOXDWH�WKH�QHHG�DQG�YLDELOLW\�RI

DGGLWLRQDO�FRQWLQJHQF\�PHDVXUHV�DQG�ZLOO�FRQVLGHU�IXWXUH�DGGLWLRQV�WR�WKH�SUHYLRXVO\�OLVWHG

FRQWLQJHQF\�PHDVXUHV�LI�LW�EHFRPHV�QHFHVVDU\�
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7KH�KHDUW�RI�WKH�0DLQWHQDQFH�3ODQ�LV�WKH�GHPRQVWUDWLRQ�WKDW�WKH�VWDQGDUGV�ZLOO�EH�PDLQWDLQHG

IRU�DW�OHDVW�WHQ�\HDUV�DIWHU�WKH�GDWH�RI�UHGHVLJQDWLRQ�WR�DWWDLQPHQW���6HYHUDO�RI�WKH�WHFKQLFDO

DVSHFWV�RI�WKLV�GHPRQVWUDWLRQ�KDYH�EHHQ�GLVFXVVHG�LQ�SUHYLRXV�VHFWLRQV��L�H���HPLVVLRQ

LQYHQWRULHV�DQG�FRQWURO�PHDVXUHV���7KLV�VHFWLRQ�ZLOO�DGGUHVV�WKH�DLU�TXDOLW\�PRGHOLQJ�UHVXOWV

WKDW�GHULYHG�IURP�WKH�SUHYLRXVO\�GLVFXVVHG�LQIRUPDWLRQ���$GGLWLRQDOO\��LW�ZLOO�GHVFULEH�VHYHUDO

DGGLWLRQDO�FRPPLWPHQWV�UHTXLUHG�XQGHU�WKH�&$$�DQG�(3$�JXLGDQFH�DV�FRQVWLWXHQWV�WR�WKH

PDLQWHQDQFH�GHPRQVWUDWLRQ���7KHVH�HOHPHQWV�LQFOXGH�FRQWLQXHG�DLU�PRQLWRULQJ�DQG�DWWDLQPHQW

YHULILFDWLRQ��LQVXUDQFH�WKDW�IXWXUH�SHUPLWWLQJ�RI�QHZ�DQG�PRGLILHG�VWDWLRQDU\�VRXUFHV�ZLOO�QRW

MHRSDUGL]H�PDLQWHQDQFH��DQG�D�FRPPLWPHQW�E\�WKH�'(4�WR�UHYLHZ�DQG�XSGDWH�WKH�0DLQWHQDQFH

6,3�RQ�D�UHJXODU�EDVLV�

�����$LU�4XDOLW\�0RGHOLQJ

7KH�0DLQWHQDQFH�3ODQ�QHHGV�WR�EH�EDVHG�RQ�DFFXUDWH�HVWLPDWHV�RI�WKH�FRQWULEXWLRQ�HDFK�VRXUFH

PDNHV�WR�30���GXULQJ�WKH�ZLQWHU�VWDJQDWLRQ�HSLVRGHV�ZKHQ�WKH����KRXU�30���VWDQGDUGV�KDYH

EHHQ�KLVWRULFDOO\�H[FHHGHG��QRWH�WKDW�WKH�DQQXDO�30���VWDQGDUG�KDV�QHYHU�EHHQ�YLRODWHG�LQ

QRUWKHUQ�$GD�&RXQW\����$�NH\�FRPSRQHQW�RI�DQ\�DWWDLQPHQW�RU�PDLQWHQDQFH�6,3�LV�SUHGLFWLQJ

IXWXUH�30���FRQFHQWUDWLRQV�VKRZLQJ�FRQWLQXHG�DWWDLQPHQW�RI�WKH�VWDQGDUG���7KH�DWWDLQPHQW

GHPRQVWUDWLRQ�LQ�WKLV�SODQ�LV�EDVHG�RQ�HSLVRGLF�GLVSHUVLRQ�PRGHO�SUHGLFWLYH�WRROV�DQG�RQ�DQQXDO

VSHFLDWHG�OLQHDU�UROOEDFN�WHFKQLTXHV���5HFHSWRU�PRGHOLQJ�LV�XVHG�WR�TXDQWLI\�VRXUFH�LPSDFWV�RQ

VSHFLILF�GD\V�WKDW�KDYH�KLJK�30���FRQFHQWUDWLRQV��DQG�WR�HYDOXDWH�WKH�DFFXUDF\�RI�WKH

GLVSHUVLRQ�PRGHOV�XVHG�WR�SUHGLFW�IXWXUH�30���FRQFHQWUDWLRQV���)LQDOO\��WKH�ODWHVW�PRELOH�VRXUFH

HPLVVLRQ�PRGHOV�ZHUH�XVHG�WR�HVWLPDWH�FXUUHQW�DQG�IXWXUH�LPSDFWV�RI�PRELOH�VRXUFHV�DV�LQSXW

WR�WKH�DWWDLQPHQW�DQG�PDLQWHQDQFH�GHPRQVWUDWLRQV�

�������0RGHO�6HOHFWLRQ

6HYHUDO�VWXGLHV�KDYH�EHHQ�XQGHUWDNHQ�LQ�WKH�SDVW�WR�PRGHO�IXWXUH�\HDU�30���FRQGLWLRQV�LQ�WKH

1RUWKHUQ�$GD�&RXQW\��%RLVH��DUHD�RI�VRXWKZHVWHUQ�,GDKR���7KHVH�KDYH�LQFOXGHG�D�YDULHW\�RI

PHWKRGRORJLHV��LQFOXGLQJ�UHFHSWRU�PRGHOLQJ�DQG�VSHFLDWHG�UROOEDFN��*DXVVLDQ�SOXPH�PRGHOLQJ

ZLWK�,6&67���DQG�JULG�PRGHOLQJ�XVLQJ�:<1'YDOOH\���5HVXOWV�IURP�DOO�RI�WKHVH�DSSURDFKHV

KDYH�LQGLFDWHG�WKDW�GXULQJ�ZRUVW�FDVH�HSLVRGLF�PHWHRURORJLFDO�FRQGLWLRQV��ZKLFK�RFFXUUHG�LQ

-DQXDU\�������WKH�HVWLPDWHG�IXWXUH�\HDU�30���HPLVVLRQ�LQYHQWRULHV�OHDG�WR�H[FHHGDQFHV�RI�WKH

���KRXU�30���1$$46�DIWHU��������$OO�RI�WKHVH�DSSURDFKHV�ZHUH�DFFHSWDEOH�DFFRUGLQJ�WR�SDVW

�������(3$�30���6,3�PRGHOLQJ�JXLGDQFH��DQG�(3$�OLVWHG�,6&�DQG�:<1'YDOOH\�LQ������DV

SUHIHUUHG�DQG�DOWHUQDWLYH�JXLGHOLQH�DLU�TXDOLW\�PRGHOV��UHVSHFWLYHO\�

7KHVH�SDVW�PRGHOLQJ�DSSURDFKHV�IRFXVHG�RQ�SULPDU\��GLUHFWO\�HPLWWHG��30���FRQVWLWXHQWV�

LQFOXGLQJ�ZRRG�VPRNH�DQG�IXJLWLYH�GXVW��DQG�GLG�QRW�DGGUHVV�VHFRQGDU\�DHURVROV�WKDW�DUH

FKHPLFDOO\�IRUPHG�LQ�WKH�DWPRVSKHUH�IURP�SUHFXUVRUV���+RZHYHU��DV�FRQWUROV�RQ�WKH�VRXUFHV�RI

SULPDU\�FRQVWLWXHQWV�KDYH�ORZHUHG�30���OHYHOV�LQ�1RUWKHUQ�$GD�&RXQW\��VHFRQGDU\�30�KDV

EHFRPH�D�ODUJHU�UHODWLYH�IUDFWLRQ�RI�WKH�30���ORDGLQJ���,W�LV�FRQFHSWXDOO\�SRVVLEOH�WKDW�UDSLG

JURZWK�LQ�SRSXODWLRQ��LQGXVWU\��DQG�PRWRU�YHKLFOH�DFWLYLW\�PD\�GULYH�VHFRQGDU\�30�WR�EH�D
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PDMRU�FRQWULEXWRU�WR�H[FHHGDQFHV�LQ�WKH�IXWXUH���)XUWKHUPRUH��QHZ�(3$�JXLGDQFH�RQ�PRGHOLQJ

IRU�WKH�ILQH�30�VWDQGDUG�GHVFULEHV�WKH�QHHG�IRU�PRGHOLQJ�V\VWHPV�WR�DGHTXDWHO\�WUHDW�WKH

SURFHVVHV�DVVRFLDWHG�ZLWK�VHFRQGDU\�30�IRUPDWLRQ���7KHUHIRUH��LW�ZDV�LPSHUDWLYH�WKDW�WKH

FXUUHQW�HSLVRGLF�30���PRGHOLQJ�HIIRUW�IRU�$GD�&RXQW\�HPSOR\V�D�PRUH�ULJRURXV�PRGHOLQJ

DSSURDFK�WKDQ�SUHYLRXV�VWXGLHV�

)RU�DQ�DLU�TXDOLW\�PRGHO�WR�TXDOLI\�DV�D�FDQGLGDWH�IRU�XVH�LQ�D�UHJXODWRU\�DWWDLQPHQW

GHPRQVWUDWLRQ��(3$�UHTXLUHV�WKH�6WDWH�WR�VKRZ�WKDW�LW�PHHWV�WKH�IROORZLQJ�JHQHUDO�FULWHULD�

• 7KH�PRGHO�KDV�XQGHUJRQH�VFLHQWLILF�SHHU�UHYLHZ�

• 7KH�PRGHO�FDQ�EH�GHPRQVWUDWHG�WR�EH�DSSOLFDEOH�WR�WKH�SUREOHP�RQ�D�WKHRUHWLFDO�EDVLV�

• 7KH�GDWD�EDVHV�ZKLFK�DUH�QHFHVVDU\�WR�SHUIRUP�WKH�DQDO\VLV�DUH�DYDLODEOH�DQG�DGHTXDWH�

• $SSURSULDWH�SHUIRUPDQFH�HYDOXDWLRQV�RI�WKH�PRGHO�KDYH�VKRZQ�WKDW�WKH�PRGHO�LV�QRW

ELDVHG�WRZDUG�XQGHUHVWLPDWHV�

• 7KH�PRGHO�DQG�LWV�VRXUFH�FRGH�DUH�UHDGLO\�DYDLODEOH�LQ�WKH�SXEOLF�GRPDLQ�DW�OLWWOH�RU�QR

FRVW��DQG�DUH�QRW�SURSULHWDU\��DQG

• $�SURWRFRO�RQ�PHWKRGV�DQG�SURFHGXUHV�KDV�EHHQ�HVWDEOLVKHG�

7KH�OHDGLQJ�HSLVRGLF�DQG�ORQJ�WHUP��DQQXDO��(XOHULDQ�30�PRGHOV�ZHUH�MXGJHG�E\�WKHLU

WHFKQLFDO�ULJRU�DQG�FDSDELOLWLHV�IRU�GHYHORSLQJ�6,3V�IRU�ILQH�30���7KLV�UHYLHZ�WKHQ�H[DPLQHG

WKH�LPSRUWDQW�FDSDELOLWLHV�DQG�OLPLWDWLRQ�RI�WKH�WKUHH�OHDGLQJ�PRGHOV�DSSOLFDEOH�WR�%RLVH�

UHODWHG�WKHP�WR�WKH�VL[�(3$�FULWHULD�DERYH��DQG�SURYLGHG�DQ�DUJXPHQW�IRU�WKH�VHOHFWLRQ�RI�D

VLQJOH�PRGHOLQJ�SODWIRUP���7KH�EDVLV�RI�WKH�XOWLPDWH�PRGHO�VHOHFWLRQ�IRFXVHG�RQ�WKH

DSSOLFDELOLW\�RI�WKH�PRGHO�WR�WKH�HSLVRGLF�FRQGLWLRQV�RI�1RUWKHUQ�$GD�&RXQW\���'HWDLOV�RI�WKLV

UHYLHZ�DUH�FRQWDLQHG�LQ�$SSHQGL[�&�

7KH�HSLVRGLF�GLVSHUVLRQ�PRGHO�VHOHFWHG�IRU�WKLV�VWXG\�ZDV�&$0[��DQ�(XOHULDQ��JULGGHG�

SKRWRFKHPLFDO�PRGHO�ZLWK�D�UHGXFHG�IRUP�DHURVRO�FKHPLVWU\�DOJRULWKP���7KH�PRGHOLQJ�JULG

GRPDLQ�ZDV�FRQILJXUHG�WR�FRYHU�WKH�IRFXV�DUHD�RI�$GD�DQG�&DQ\RQ�FRXQWLHV��DQG�VXUURXQGLQJ

HQYLURQV��ZLWK���NP�JULG�FHOO�VL]H���7KH�YHUWLFDO�GHSWK�RI�WKH�GRPDLQ�H[WHQGHG�IURP�WKH

VXUIDFH�WR�DERXW������P���&$0[�ZDV�VXSSOLHG�ZLWK�KRXUO\�WKUHH�GLPHQVLRQDO�JULGGHG

PHWHRURORJLFDO�ILHOGV��ZLQGV��WHPSHUDWXUH��SUHVVXUH��PRLVWXUH��FORXGV��JHQHUDWHG�IURP�WKH

00��PHWHRURORJLFDO�PRGHO���7KH�GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�PHWHRURORJLFDO�ILHOGV�ZLWK

00��DUH�IXOO\�GHVFULEHG�LQ�D�VXSSOHPHQWDU\�0HWHRURORJLFDO�0RGHOLQJ�UHSRUW��6HH�$SSHQGL[

'����&$0[�ZDV�ILUVW�DSSOLHG�WR�D�'HFHPEHU������30�HSLVRGH�XVLQJ�HSLVRGH�VSHFLILF

HPLVVLRQV�DQG�PHWHRURORJ\�WR�HVWDEOLVK�DQG�GHPRQVWUDWH�DFFHSWDEOH�PRGHO�SHUIRUPDQFH�LQ

UHSOLFDWLQJ����KRXU�30���OHYHOV���7KHQ�WKH�PRGHO�ZDV�XVHG�WR�HVWLPDWH����KRXU�30���OHYHOV�LQ

WKUHH�IXWXUH�\HDUV�E\�VLPXODWLQJ�WKH�ZRUVW�FDVH�PHWHRURORJLFDO�FRQGLWLRQV�RI�WKH�-DQXDU\�����

H[FHHGDQFH�HSLVRGH�LQ�FRPELQDWLRQ�ZLWK�IXWXUH�\HDU�HSLVRGLF�HPLVVLRQ�LQYHQWRULHV�

�������(SLVRGH�6HOHFWLRQ

0HWHRURORJLFDO�FRQGLWLRQV�OHDGLQJ�WR�PHDVXUHG����KRXU�30���H[FHHGDQFHV�LQ�$GD�&RXQW\�ZHUH

H[DPLQHG�WR�GHWHUPLQH�DQ�DSSURSULDWH�ZRUVW�FDVH�PHWHRURORJLFDO�HSLVRGH�IRU�DWWDLQPHQW

GHPRQVWUDWLRQ�SXUSRVHV���7KH�HSLVRGHV�H[DPLQHG�OHG�WR�WKH�H[FHHGDQFHV�VKRZQ�LQ�7DEOH����

EHORZ���0XOWL�GD\�HSLVRGHV�ZHUH�GHILQHG�WR�FRQVLGHU�WKH�EXLOG�XS�DQG�HYHQWXDO�EUHDN�XS�RI

VWDJQDWLRQ�FRQGLWLRQV�OHDGLQJ�WR�HOHYDWHG�SDUWLFXODWH�OHYHOV���7KH�HSLVRGHV�DUH�
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'HFHPEHU����������WR�-DQXDU\���������

-DQXDU\������������

-DQXDU\��������������DQG

-DQXDU\�����������

7KHVH�HSLVRGHV�UHSUHVHQW�WKH�PRVW�H[WUHPH�FDVHV�RI�WKH�PHWHRURORJLFDO�FRQGLWLRQV�FRQGXFLYH�WR

WKH�IRUPDWLRQ�RI�HOHYDWHG�30���FRQFHQWUDWLRQV�VLQFH�PRQLWRULQJ�EHJDQ�LQ�'HFHPEHU������

7DEOH�������'DLO\�H[FHHGDQFHV�RI�30���LQ�$GD�&RXQW\��,GDKR��ZLWK�DVVRFLDWHG�PHWHRURORJLFDO

GDWD�

<HDU 0RQWK 'D\ 6LWH

30��

�µJ P���

$YJ�

7HPS �
ο
&�

$YJ� :LQG

6SHHG

�PSK�

$YJ� :LQG

'LU� �GHJ�

3UHFLS

�LQ�GD\�

���� -DQ �� )6� ��� ��� ��� ��� ����

���� -DQ �� )6� ��� �� ��� ��� ����

���� -DQ � )6� ��� �� ��� ��� ����

���� -DQ � 096 ��� �� ��� ��� ����

'HWDLOHG�GHVFULSWLRQV�RI�WKH�HSLVRGHV�DQG�30���H[FHHGDQFHV�DUH�SURYLGHG�LQ�WKH�IXOO�UHSRUW�RQ

'LVSHUVLRQ�0RGHOLQJ�LQ�$SSHQGL[�&���6XUIDFH�GDWD�ZHUH�FROOHFWHG�DW�WKH�1:6�VWDWLRQ�DW�WKH

%RLVH�DLUSRUW����°��·1�����°��·:��HOHYDWLRQ�������IHHW����8SSHU�DLU�GDWD�ZHUH�FROOHFWHG�WZLFH

GDLO\�������DQG������/67���DOVR�DW�WKH�%RLVH�DLUSRUW��DV�D�SDUW�RI�WKH�JOREDO�UDZLQVRQGH

QHWZRUN���30���FRQFHQWUDWLRQ�GDWD�ZHUH�FROOHFWHG�DQG�TXDOLW\�DVVXUHG�E\�WKH�'(4�

6HYHUH�VWDJQDWLRQ�HYHQWV�OHDGLQJ�WR�H[FHHGDQFHV�RI�WKH�30�� VWDQGDUG�UDUHO\�RFFXU�LQ�1RUWKHUQ

$GD�&RXQW\���7KH�ODVW�VXFK�HYHQW�RFFXUUHG�LQ�-DQXDU\��������%DVHG�XSRQ�WKH�DQDO\VLV�RI�WKH

KLVWRULFDO�PHWHRURORJLFDO�FRQGLWLRQV�IRU�WKH�IRXU�HSLVRGHV�VXPPDUL]HG�DERYH��'(4�VHOHFWHG�WKH

-DQXDU\������HSLVRGH�DV�WKH�ZRUVW�FDVH�HSLVRGH�WR�EH�XVHG�IRU�WKH�DWWDLQPHQW�GHPRQVWUDWLRQ

PRGHOLQJ���$OWKRXJK�WKH������HSLVRGH�SURGXFHG�D�ORQJHU�ODVWLQJ�DQG�VOLJKWO\�VWURQJHU

VWDJQDWLRQ�HYHQW��WKH�HYHQW�LQ�-DQXDU\������UHVXOWHG�ZKHQ�UHFRUG�FROG�WHPSHUDWXUHV�ZHUH

PHDVXUHG�LQ�1RUWKHUQ�$GD�&RXQW\���)XUWKHUPRUH��WKH�-DQXDU\������HYHQW�ZDV�EHWWHU

GRFXPHQWHG�E\�DYDLODEOH�PRQLWRULQJ�GDWD���7KH�-DQXDU\������HYHQW�UHSUHVHQWV�D�VHYHUH

VWDJQDWLRQ�HYHQW�LQ�ZKLFK�KLJK�30�� OHYHOV�RFFXUUHG�ZLWK�VLJQLILFDQW�DPRXQWV�RI�VHFRQGDU\

DHURVRO��DQG�DV�VXFK�LV�WKH�DSSURSULDWH�HSLVRGH�WR�UHSUHVHQW�ZRUVW�FDVH�PHWHRURORJ\�IRU�WKH

1RUWKHUQ�$GD�&RXQW\�30��0DLQWHQDQFH�3ODQ�GHPRQVWUDWLRQ�

����� 0RGHOLQJ�'HPRQVWUDWLRQ�$SSURDFK

%HIRUH�GHWHUPLQLVWLF��SUHGLFWLYH��DLU�TXDOLW\�PRGHOV�VXFK�DV�&$0[�DUH�XVHG�WR�IRUHFDVW

HSLVRGLF�30���SDWWHUQV�LQWR�IXWXUH�\HDUV��WKH\�PXVW�ILUVW�EH�DSSOLHG�WR�D�KLVWRULFDO�HSLVRGH�LQ

RUGHU�WR�HYDOXDWH�WKHLU�DELOLW\�WR�UHSOLFDWH�DLU�TXDOLW\�FRQGLWLRQV�LQ�WKH�UHJLRQ�DQG�SHULRG�RI

LQWHUHVW���,I�WKH�PRGHO�FDQ�GHPRQVWUDWH�JRRG�SHUIRUPDQFH�LQ�WKLV�´EDVH�\HDU�SHUIRUPDQFH

HYDOXDWLRQµ��WKHQ�LW�SURYLGHV�VRPH�IDLWK�WKDW�WKH�PRGHO�FDQ�EH�XVHG�IRU�IXWXUH�\HDU�DQDO\VHV�

1RUPDOO\�WKH�KLVWRULFDO�HSLVRGH�FKRVHQ�IRU�HYDOXDWLRQ�LV�WKH�VDPH�FDUULHG�IRUZDUG�LQ�WKH�IXWXUH

\HDU�IRUHFDVWV��IRU�H[DPSOH��WKH�FKRVHQ�30���H[FHHGDQFH�HSLVRGH�RI�-DQXDU\���������,Q�WKLV

VWXG\��KRZHYHU��&$0[�ZDV�HYDOXDWHG�IRU�D�PRUH�UHFHQW�HSLVRGH�LQ������IRU�WKH�UHDVRQV�JLYHQ

EHORZ�
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&RPSOH[�PHWHRURORJLFDO�DQG�SKRWRFKHPLFDO�JULG�PRGHOV�UHTXLUH�D�VXEVWDQWLYH�TXDQWLW\�RI

REVHUYDWLRQDO�GDWD�WR�GHILQH�YDULRXV�LQSXWV��DQG�WR�IXOO\�HYDOXDWH�WKHLU�SUHGLFWLYH�SHUIRUPDQFH�

0HDVXUHPHQWV�RI����KRXU�30���PHDVXUHPHQWV�ZHUH�DYDLODEOH�IURP�WZR�VLWHV�RQ�DOO�VL[�GD\V�RI

WKH�-DQXDU\�����������HSLVRGH��DV�ZHUH�VSHFLDWHG�PDVV�EXGJHWV�DW�WKH�WZR�VLWHV�RQ�-DQXDU\��

DQG����'5,����������7KHVH�ZHUH�FRQVLGHUHG�PDUJLQDOO\�VXIILFLHQW�WR�JDXJH�GLVSHUVLRQ�PRGHO

SHUIRUPDQFH���+RZHYHU��WKLV�HSLVRGH�VXIIHUHG�IURP�D�ODFN�RI�RWKHU�GDWD�QHHGHG�E\�WKH

HPLVVLRQV�DQG�GLVSHUVLRQ�PRGHOLQJ�HIIRUWV���4XDOLW\�DVVXUHG�DQG�DXGLWHG�PHWHRURORJLFDO�GDWD

ZHUH�RQO\�DYDLODEOH�IURP�RQH�VLWH��WKH�1:6�VLWH�DW�%RLVH�DLUSRUW��GXULQJ�WKLV�SHULRG��WKH�����

HPLVVLRQV�LQYHQWRU\�XVHG�LQ�SDVW�PRGHOLQJ�H[HUFLVHV�IRFXVHG�RQ�ZRRG�VPRNH��XWLOL]HG�FUXGH

HVWLPDWHV�IRU�RWKHU�VRXUFH�VHFWRUV��DQG�GLG�QRW�LQFOXGH�VHFRQGDU\�30�SUHFXUVRU�HPLVVLRQ�UDWHV

�12[��62[��1+����DQG�WKH������UHYLVHG�HPLVVLRQV�LQYHQWRU\�GLG�QRW�HQWLUHO\�FRYHU�WKH�ODUJHU

PRGHOLQJ�GRPDLQ�GHILQHG�IRU�WKLV�VWXG\���)XUWKHUPRUH��IRU�WKLV�SURMHFW�WKH�'(4�SODFHG�D

PDMRU�HPSKDVLV�RQ�WKH�´ERWWRP�XSµ�GHYHORSPHQW�RI�D�PRUH�UHFHQW�DQG�GHWDLOHG�HPLVVLRQ

LQYHQWRU\�IURP�ZKLFK�WR�SURMHFW�IXWXUH�\HDU�EXGJHWV��UHVRXUFHV�DQG�VFKHGXOH�ZHUH�LQVXIILFLHQW

WR�KLQG�FDVW�WKH������HPLVVLRQV�LQYHQWRU\�WR������ZLWK�D�OHYHO�RI�FHUWDLQW\�DQG�WHFKQLFDO

TXDOLW\�QHHGHG�IRU�WKLV�VWXG\�

,Q�ZLQWHU������������WKH�'(4�DQG�'5,�XQGHUWRRN�D�ILHOG�VWXG\�WR�PHDVXUH�VHFRQGDU\�DHURVRO

IRUPDWLRQ�LQ�WKH�7UHDVXUH�9DOOH\��'5,����������'XULQJ�WKDW�VHDVRQ��SHDN�30���OHYHOV�UHDFKHG

PRGHUDWH�OHYHOV�����µJ�P���RYHU�WKH�SDUWLFXODUO\�VWDEOH�DQG�VWDJQDQW�SHULRG�RI�'HFHPEHU����

�����������7KH�����������'5,�VWXG\�SURYLGHG�D�PXFK�EURDGHU�GDWDEDVH�IRU�30�IURP�VHYHQ

PRQLWRULQJ�VLWHV���,Q�DGGLWLRQ��KRXUO\�PHWHRURORJLFDO�GDWD�ZHUH�DYDLODEOH�IURP�ILYH�VLWHV�LQ�WKH

UHJLRQ��LQFOXGLQJ�WKH�1:6�%RLVH�DLUSRUW��WKH�'(4�PHWHRURORJLFDO�WRZHU��WKH�&DOGZHOO�DLUSRUW�

DQG�WZR�30�PRQLWRULQJ�VLWHV�

*LYHQ�WKH�GDWD�FRQVWUDLQWV�RI�WKH������HSLVRGH��WKH�LPSURYHG�30�DQG�PHWHRURORJLFDO

PHDVXUHPHQW�GDWDEDVH�DYDLODEOH�IURP�WKH�����������'5,�7UHDVXUH�9DOOH\�6HFRQGDU\�$HURVRO

6WXG\��DQG�WKH�QHHG�IRU�DQ�XSGDWHG������HPLVVLRQV�LQYHQWRU\�ZLWK�VLJQLILFDQWO\�PRUH�GHWDLO��LW

ZDV�GHFLGHG�WKDW�WKH�EDVH�\HDU�GLVSHUVLRQ�PRGHO�SHUIRUPDQFH�HYDOXDWLRQ�ZRXOG�EH�FRQGXFWHG

IRU�WKH�'HFHPEHU�������������HSLVRGH���7KH�&$0[�PRGHO�ZDV�SURYLGHG�ZLWK�HSLVRGH�VSHFLILF

KRXUO\�HPLVVLRQ�UDWHV�IURP�WKH�QHZ������LQYHQWRU\�DQG�ZLWK�KRXUO\�WKUHH�GLPHQVLRQDO

PHWHRURORJLFDO�ILHOGV�IURP�WKH�00��PRGHO��VHH�$SSHQGL[�&����7KH�UHVXOWV�RI�WKH������EDVH

\HDU�PRGHO�SHUIRUPDQFH�HYDOXDWLRQ�DQG�YHULILFDWLRQ�DUH�VXPPDUL]HG�EHORZ�LQ�6HFWLRQ�������

2QFH�DGHTXDWH�PRGHO�SHUIRUPDQFH�LQ�FKDUDFWHUL]LQJ�30�FRQGLWLRQV�RYHU�WKH�EDVH�\HDU�HSLVRGH

ZDV�GHPRQVWUDWHG��WKH�IXWXUH�\HDU�HSLVRGLF����KRXU�PDLQWHQDQFH�PRGHOLQJ�FRPPHQFHG�

7KH�SXUSRVH�RI�IXWXUH�\HDU�GLVSHUVLRQ�PRGHOLQJ�LV�WR�HVWLPDWH�WKH�DLU�TXDOLW\�FRQGLWLRQV�WKDW

UHVXOW�IURP�SURMHFWLRQV�RI�30�DQG�SUHFXUVRU�HPLVVLRQ�SDWWHUQV��DQG�WR�GHPRQVWUDWH�ZKHWKHU

FXUUHQW�HPLVVLRQ�FRQWURO�SODQV�DUH�VXIILFLHQW�WR�PDLQWDLQ�30���OHYHOV�EHORZ�WKH����KRXU�DQG

DQQXDO�VWDQGDUGV���)RU�WKH�$GD�&RXQW\�GHPRQVWUDWLRQ��WKH�PDLQWHQDQFH�SHULRG�H[WHQGV�WKURXJK

������WKXV��PRGHOLQJ�ZDV�SHUIRUPHG�XVLQJ�HPLVVLRQ�SURMHFWLRQV�IRU�������DQG�WZR�DGGLWLRQDO

\HDUV�������DQG�������WR�HYDOXDWH�FRQGLWLRQV�GXULQJ�DQ�LQWHUPHGLDWH�\HDU�DQG�DQ�RXW�\HDU�IRU

FRQVLVWHQF\�ZLWK�WKH�30�FRQIRUPLW\�VFKHGXOH�

)XWXUH�\HDU�HSLVRGLF�PRGHOLQJ�ZDV�EDVHG�RQ�WKH�-DQXDU\������FRQGLWLRQV�WKDW�UHVXOWHG�LQ�WKH

ODVW�30���H[FHHGDQFH�LQ�$GD�&RXQW\���0HWHRURORJ\�ZDV�PRGHOHG�ZLWK�00��IRU�-DQXDU\�����

�����DV�GHVFULEHG�LQ�$SSHQGL[�'��DQG�-DQXDU\�HSLVRGLF�JULGGHG�PRGHO�UHDG\�HPLVVLRQ�LQSXWV

ZHUH�GHYHORSHG�EDVHG�RQ�HVWLPDWHG�DFWLYLW\�LQ�WKH�������������DQG������\HDUV���&$0[�ZDV
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XVHG�WR�FRPELQH�WKH�-DQXDU\������´ZRUVW�FDVHµ�PHWHRURORJ\�ZLWK�WKH�IXWXUH�\HDU�HSLVRGLF

HPLVVLRQ�SURMHFWLRQV�WR�HVWLPDWH�WKH�30���FRQGLWLRQV�LQ�WKH�EDVLQ���5HVXOWLQJ�30�GLVWULEXWLRQV

ZHUH�DQDO\]HG�WR�GHWHUPLQH�LI�30���FRQFHQWUDWLRQV�LQ�$GD�&RXQW\�ZRXOG�H[FHHG�WKH����KRXU

VWDQGDUG�LQ�WKHVH�\HDUV�LI�WKH�ZRUVW�FDVH�FRQGLWLRQV�ZHUH�WR�RFFXU�DJDLQ���&$0[�ZDV�DOVR�UXQ

ZLWK�WKH������PHWHRURORJ\�LQ�FRQMXQFWLRQ�ZLWK�WKH�IXWXUH�\HDU�HPLVVLRQ�LQYHQWRULHV�DV�DQ

DGGLWLRQDO�FKHFN�IRU�PDLQWHQDQFH��DQG�DV�D�ZD\�WR�SURYLGH�D�PRUH�FRQVLVWHQW�DSSURDFK�EHWZHHQ

WKH�EDVH�\HDU�SHUIRUPDQFH�HYDOXDWLRQ�DQG�WKH�IXWXUH�\HDU�DWWDLQPHQW�PRGHOLQJ�

,QLWLDO�GLVSHUVLRQ�PRGHOLQJ�RI�WKH�IXWXUH�\HDUV�XWLOL]HG�HPLVVLRQ�HVWLPDWHV�LQ�DOO�FRXQWLHV�DW

WKHLU�IXOO�HVWLPDWHG�IXWXUH�FDSDFLW\��VHH�7DEOH�������L�H���QR�VSHFLDO�ORFDO�VKRUW�WHUP�HSLVRGLF

FRQWURO�PHDVXUHV�IRU�$GD�&RXQW\�ZHUH�LQFOXGHG���+RZHYHU��WKLV�´XQFRQWUROOHGµ�HPLVVLRQV

LQYHQWRU\�GLG�LQFOXGH�DOO�FXUUHQWO\�HVWDEOLVKHG�ORQJ�WHUP�ORFDO�HPLVVLRQ�UHGXFWLRQV�VXFK�DV�,�0

SURJUDPV��ILUHSODFH�EXLOGLQJ�FRGHV��DV�ZHOO�DV�IHGHUDO�OHYHO�SURJUDPV�IRU�IXHO�FRPSRVLWLRQ�DQG

YHKLFOH�IOHHW�HPLVVLRQV���,W�VKRXOG�EH�QRWHG�WKDW�WKH�IXOO�SDYHG�URDG�GXVW�HPLVVLRQ�UDWHV�ZHUH

VFDOHG�GRZQ�E\�D�IDFWRU�RI������6HH�$SSHQGL[�$��(PLVVLRQ�,QYHQWRU\���DQG�XQSDYHG�URDG�GXVW

HPLVVLRQV�ZHUH�FRPSOHWHO\�UHPRYHG��ZKHQ�PRGHOLQJ�ZLWK�-DQXDU\������PHWHRURORJ\�WR�UHIOHFW

WKH�PLWLJDWLQJ�HIIHFWV�RI�VQRZ�FRYHU���,Q�WKH�FDVH�ZKHUH�&$0[�ZDV�UXQ�IRU�WKH�'HFHPEHU����

���������SHULRG�ZLWK�WKH�IXWXUH�\HDU�LQYHQWRULHV��WKH�IXOO�URDG�GXVW�HPLVVLRQ�UDWHV�ZHUH

LQFOXGHG�GXH�WR�ODFN�RI�VQRZ�

7KH�UHVXOWV�IRU�WKH�-DQXDU\������HSLVRGH�VXJJHVWHG�WKDW�WKH�IXOO�LQYHQWRULHV�LQ�DOO�WKUHH�\HDUV

ZRXOG�\LHOG�30���FRQFHQWUDWLRQV�LQ�H[FHHGDQFH�RI�WKH����KRXU�VWDQGDUG�LQ�$GD�&RXQW\�

7KHUHIRUH��WKH�&$0[�UXQV�ZHUH�UHSHDWHG�ZLWK�HSLVRGLF�YROXQWDU\�ZRRG�EXUQLQJ�EDQV

IROORZLQJ�SURFHGXUHV�LQ�DFFRUGDQFH�ZLWK�JHQHUDOO\�KRZ�WKH�EDQ�ZRXOG�EH�FDOOHG�E\�WKH�'(4�

:LWK�WKH�EXUQ�EDQ�LQ�SODFH��PDLQWHQDQFH�RI�WKH����KRXU�VWDQGDUG�ZDV�GHPRQVWUDWHG�IRU�$GD

&RXQW\���'HWDLOV�RI�WKH�UHVXOWV�RI�WKHVHV�DQDO\VHV�DUH�SUHVHQWHG�LQ�6HFWLRQ�������

�������(SLVRGLF�0RGHO�9HULILFDWLRQ

$�ULJRURXV�HSLVRGLF�PRGHO�SHUIRUPDQFH�HYDOXDWLRQ�ZDV�XQGHUWDNHQ�WR�EXLOG�FRQILGHQFH�LQ�WKH

PRGHOLQJ�V\VWHP·V�UHOLDELOLW\�DV�D�30�SUHGLFWLRQ�WRRO���'HWDLOHG�DQDO\VHV�ZHUH�SHUIRUPHG�IRU

WKH�'HFHPEHU������30�HSLVRGH�WR�HQVXUH�WKDW�&$0[�DFFXUDWHO\�SUHGLFWV�WKH�WLPLQJ��ORFDWLRQ�

DQG�FKHPLFDO�VSHFLDWLRQ�RI�30�WKURXJKRXW�WKH�DUHD�RI�LQWHUHVW���6SHFLILF�DWWHQWLRQ�ZDV�JLYHQ�WR

WKH�VHFRQGDU\�30�SURGXFWV���7KH�SHUIRUPDQFH�HYDOXDWLRQ�SURYLGHG�LQVLJKW�LQWR�WKH�IROORZLQJ�

• $UH�30�SDWWHUQV�VLPXODWHG�ZHOO�DFFRUGLQJ�WR�REVHUYDWLRQV"

• $UH�30�SDWWHUQV�VLPXODWHG�ZHOO�DFFRUGLQJ�WR�WKH�FRQFHSWXDO�PRGHO�RI�30�EXLOGXS�LQ�WKH

7UHDVXUH�9DOOH\"

• :KDW�DUH�WKH�UHDVRQV�IRU�SRRU�SHUIRUPDQFH"

• $UH�JRRG�UHVXOWV�UREXVW��DUH�WKH\�WKH�UHVXOW�RI�D�SURSHU�GLVWULEXWLRQ�DPRQJ�VSHFLHV��SURSHU

WUDQVSRUW�EXLOGXS�PHFKDQLVPV��HWF����RU�DUH�WKH\�VHUHQGLSLWRXV"

• :KDW�LV�WKH�VHQVLWLYLW\�RI�WKH�PRGHO�WR�PRGLILFDWLRQV�LQ�NH\�LQSXWV�ZLWK�WKH�ODUJHVW

XQFHUWDLQW\��YHUWLFDO�GLIIXVLRQ��HPLVVLRQV��DHURVRO�VL]H��HWF��"

:KLOH�&$0[�SHUIRUPDQFH�LQ�UHSOLFDWLQJ�WRWDO�30���DQG�LWV�FRQVWLWXHQW�VSHFLHV�ZDV�TXLWH

DFFHSWDEOH�RYHU�'HFHPEHU��������WKH�PRGHO�ZDV�QRW�DEOH�WR�UHSOLFDWH�WKH�FOHDULQJ�SURFHVV�RQ

'HFHPEHU����DQG����ZKHQ����KRXU�30���FRQFHQWUDWLRQV�ZHUH�RQO\����WR����µJ�P��LQ�$GD
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&RXQW\���7KH�SHUIRUPDQFH�IRU�VHFRQGDU\�VSHFLHV�ZDV�TXLWH�JRRG�RYHU�'HFHPEHU��������EXW

WKHLU�FRQFHQWUDWLRQV�ZHUH�XQGHU�SUHGLFWHG�RQ�'HFHPEHU���������3HUIRUPDQFH�IRU�SULPDU\

VSHFLHV�ZDV�JRRG�RQ�'HFHPEHU��������EXW�WKH�FDUERQ�VSHFLHV��HOHPHQWDO�DQG�RUJDQLF��DQG

FRDUVH�PDVV�ZHUH�RYHU�SUHGLFWHG�RQ�'HFHPEHU����

,W�LV�QRWHG�WKDW�WKH�PRGHO�SHUIRUPHG�EHVW�RQ�WKH�KLJKHVW�30���GD\V�RI�'HFHPEHU�������LQ�WHUPV

RI�UHSOLFDWLQJ�WRWDO�30���DQG�WKH�VSHFLDWHG�PDVV�EXGJHW��L�H���VSHFLHV�FRQWULEXWLRQV�WR�WKH�WRWDO

PDVV���VHH�)LJXUH�������7KH�SHUIRUPDQFH�IRU�HDFK�FKHPLFDO�FRQVWLWXHQW�ZDV�EHWWHU�RU�RQ�SDU

ZLWK�ZKDW�KDV�EHHQ�DFKLHYHG�LQ�RWKHU�PRGHOLQJ�VWXGLHV��DV�LQGLFDWHG�E\�WKH�'UDIW�(3$

JXLGDQFH�IRU�ILQH�30�PRGHOLQJ��(3$����������7KLV�LV�LPSRUWDQW�DV�LW�HVWDEOLVKHV�FRQILGHQFH

WKDW�WKH�KLJK�FRQFHQWUDWLRQV�ZHUH�EHLQJ�PRGHOHG�IRU�WKH�FRUUHFW�UHDVRQV���3RRU�SHUIRUPDQFH�RQ

WKH�ODVW�WZR�ORZ�30���GD\V�ZDV�DWWULEXWHG�WR�WZR�PDMRU�LVVXHV�

• $FWXDO�HPLVVLRQV�SHFXOLDU�WR�DFWLYLWLHV�RQ�&KULVWPDV�'D\��6DWXUGD\��DQG�WKH�GD\�DIWHU

�6XQGD\���HVSHFLDOO\�UHJDUGLQJ�UHVLGHQWLDO�ZRRG�EXUQLQJ�DQG�WUDIILF�YROXPHV��OLNHO\�FDXVHG

D�VLJQLILFDQW�GHYLDWLRQ�IURP�WKH�´W\SLFDOµ�ZHHNGD\�ZHHNHQG�HPLVVLRQ�HVWLPDWHV�GHYHORSHG

LQ�WKH�PRGHOLQJ�

• 7KH�00��PHWHRURORJLFDO�VLPXODWLRQ�GLG�QRW�UHSOLFDWH�WKH�GHYHORSPHQW�RI�ZLGHVSUHDG�IRJ

RQ�'HFHPEHU�������WR�WKH�H[WHQW�WKDW�LW�ZDV�REVHUYHG���7KH�SUHVHQFH�RI�WKH�UHDO�LFH�IRJ

WKDW�IRUPHG�SUREDEO\�KDG�D�ODUJH�LQIOXHQFH�RQ�DFWXDO�KHWHURJHQHRXV�QLWUDWH�DQG�VXOIDWH

IRUPDWLRQ��WRGD\·V�PRGHOV�DUH�RQO\�DEOH�WR�UHSUHVHQW�DTXHRXV�VXOIDWH�IRUPDWLRQ�LQ�OLTXLG

IRJ���FHUWDLQO\�LQFUHDVHG�UHPRYDO�SURFHVVHV�IRU�30��PRGHOV�HVWLPDWH�ZHW�UHPRYDO�IRU

UDLQIDOO�UDWHV�DERYH�D�PLQLPXP�WKUHVKROG���DQG�GHFUHDVHG�HPLVVLRQV�RI�URDG�GXVW�GXH�WR

ZHW�IUR]HQ�VXUIDFHV���)XUWKHUPRUH��ZLWKRXW�D�G\QDPLF�DHURVRO�VL]H�PRGHO��&$0[�FRXOG

QRW�DFFRXQW�IRU�SDUWLFOH�JURZWK�E\�K\GUDWLRQ�LQ�WKH�IRJ��DQG�WKHLU�VXEVHTXHQW�LQFUHDVH�LQ

VHGLPHQWDWLRQ�UDWHV�

,W�LV�IRU�WKHVH�UHDVRQV�WKDW�WKH�ODVW�WZR�GD\V�RI�WKH�'HFHPEHU������HSLVRGH�ZHUH�GURSSHG�IURP

FRQVLGHUDWLRQ�LQ�VHQVLWLYLW\�DQDO\VHV��DQG�LQ�WKH�DQDO\VLV�RI�WKH�IXWXUH�\HDU�VFHQDULRV���6HH

$SSHQGL[�&�IRU�GHWDLOV�RI�WKLV�DQDO\VLV�

2QFH�WKH�EDVH�FDVH�SHUIRUPDQFH�HYDOXDWLRQ�ZDV�FRPSOHWHG�DQG�WKH�PRGHOLQJ�V\VWHP�ZDV

GHHPHG�DFFHSWDEOH�LQ�UHSOLFDWLQJ�30�FRQGLWLRQV�RYHU�'HFHPEHU��������������WZR�DGGLWLRQDO

VLPXODWLRQV�ZHUH�XQGHUWDNHQ�WR�WHVW�WKH�&$0[�VHQVLWLYLW\�WR�DOWHUQDWLYH�PHWHRURORJLFDO�LQSXWV�

$�QHZ�00��PHWHRURORJLFDO�VLPXODWLRQ�ZDV�FDUULHG�IRU�WKH�'HFHPEHU������HSLVRGH�WKDW

LQFOXGHG�VRPH�FKDQJHV�LQ�WKH�FRQILJXUDWLRQ�RI�YDULRXV�00��RSWLRQV���7KH�PDLQ�SXUSRVH�RI

WKLV�DGGLWLRQDO�UXQ�ZDV�WR�SDUDOOHO�WKH�00��FRQILJXUDWLRQ�XVHG�IRU�WKH�-DQXDU\������HSLVRGH�

ZKLFK�E\�QHFHVVLW\�KDG�WR�EH�FRQILJXUHG�GLIIHUHQWO\�WKDQ�WKH�RULJLQDO�00��VLPXODWLRQ�IRU

'HFHPEHU������LQ�RUGHU�WR�DFKLHYH�DFFHSWDEOH�PHWHRURORJLFDO�PRGHO�SHUIRUPDQFH���7KH

GHYHORSPHQW�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI�PHWHRURORJLFDO�ILHOGV�IRU�-DQXDU\������ZHUH

FDUULHG�RXW�VXEVHTXHQW�WR�WKH�FRPSOHWLRQ�RI�WKH�RULJLQDO�'HFHPEHU������00��VLPXODWLRQ�

7KH�FRQFHUQ�ZDV�WKDW�D�GLIIHUHQW�PHDQV�RI�PRGHOLQJ�WKH�PHWHRURORJ\�LQ�WKH�-DQXDU\�����

HSLVRGH�PLJKW�OHDG�WR�D�VLJQLILFDQW�XQFHUWDLQW\�LQ�&$0[�IRU�WKH�IXWXUH�\HDU�UHVXOWV�UHODWLYH�WR

WKH�DSSURDFK�XVHG�IRU�WKH�'HFHPEHU������EDVH�\HDU�HSLVRGH���7KHVH�PHWHRURORJLFDO�WHVWV

DWWHPSWHG�WR�HVWDEOLVK�VRPH�TXDQWLWDWLYH�XQFHUWDLQW\�ERXQGV�RQ�WKH�30���VLPXODWLRQ�GXH�WR�WKH

GLIIHUHQW�00��PRGHOLQJ�DSSURDFKHV�
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)LJXUH�������$YHUDJH�REVHUYHG�DQG�SUHGLFWHG�30����DQG�30���PDVV�EXGJHWV�RYHU�'HFHPEHU

��������������7RWDO�30�PDVV�LV�VKRZQ�DW�WKH�WRS�RI�HDFK�SORW���7KH�VL]HV�RI�HDFK�SLH�VHFWLRQ

VKRZ�WKH�UHODWLYH�FRQWULEXWLRQ�WR�WKH�WRWDO��ZKLOH�WKH�QXPEHUV�DVVRFLDWHG�ZLWK�HDFK�VHFWLRQ

VKRZ�WKH�DEVROXWH�FRQFHQWUDWLRQ�

5HVXOWV�IURP�WKLV�LQWHU�FRPSDULVRQ�VKRZHG�WKDW�QR�VLQJOH�PHWHRURORJLFDO�UHDOL]DWLRQ�ZDV

SDUWLFXODUO\�EHWWHU�IRU�30���PRGHO�SHUIRUPDQFH�WKDQ�DQ\�RWKHU���+RZHYHU��LW�GLG�VKRZ�WKDW�WKH

PRGHO�LV�VHQVLWLYH�WR�WKH�DSSURDFK�IRU�GHILQLQJ�YHUWLFDO�PL[LQJ�UDWHV��DV�WKH�GLIIHUHQFHV�LQ

PL[LQJ�FRQWULEXWHG�WR�WKH�PDMRULW\�RI�30�FRQFHQWUDWLRQ�GLIIHUHQFHV�VHHQ�EHWZHHQ�WKH�YDULRXV

UXQV���,W�ZDV�FRQFOXGHG�WKDW�&$0[�UHSURGXFHG�WKH�REVHUYHG�ILQH�DQG�WRWDO�PDVV�EXGJHWV�ZHOO

IRU�DOO�PHWHRURORJLFDO�UHDOL]DWLRQV��DQG�WKDW�WKH�SUHGLFWLRQ�GLIIHUHQFHV�DPRQJ�WKH�YDULRXV

&$0[�FRQILJXUDWLRQV�ZHUH�QRW�SDUWLFXODUO\�ODUJH���7KLV�LV�D�WHVWDPHQW�WR�WKH�TXDOLW\�RI�WKH

HVWLPDWHG�HPLVVLRQV�LQYHQWRU\���,W�DOVR�LQGLFDWHV�WKDW�LQWURGXFWLRQ�RI�DOWHUQDWLYH�PHWHRURORJLFDO

ILHOGV�GRHV�QRW�DOWHU�WKH�EXGJHWV�LQ�DQ\�SURIRXQG�PDQQHU��DQG�WKLV�ZDV�WKH�H[SHFWHG�UHVXOW�
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�������0RGHOLQJ�5HVXOWV

7DEOH�����GLVSOD\V�WKH�SUHGLFWHG�SHDN����KRXU�30���LQ�$GD�&RXQW\�IRU�HDFK�GD\�RI�WKH

HSLVRGHV���)RU�WKH�-DQXDU\������SHULRG��WKH�PD[LPXP�PRGHOHG�FRQFHQWUDWLRQ�RFFXUV�RQ

-DQXDU\���LQ�DOO�WKUHH�IXWXUH�\HDUV������������DQG�����µJ�P����WKLV�LV�WKH�RQO\�GD\�LQ�ZKLFK�WKH

HVWLPDWHV�DUH�DERYH�WKH����KRXU�VWDQGDUG�RI�����µJ�P���VHH�)LJXUH�����IRU�WKH������FDVH��

7KH�PD[LPXP�PRGHOHG�FRQFHQWUDWLRQV�RYHU�WKH�'HFHPEHU������SHULRG�DOO�RFFXU�RQ�'HFHPEHU

��������������DQG�����µJ�P�����1R�GD\V�LQ�WKH�'HFHPEHU������HSLVRGH�DUH�SUHGLFWHG�WR�EH

RYHU�WKH�VWDQGDUG�LQ�DQ\�IXWXUH�\HDU�

7DEOH�������3UHGLFWHG�SHDN����KRXU�30����µJ�P���LQ�$GD�&RXQW\�LQ�WKUHH�IXWXUH�\HDUV�RYHU�WKH

-DQXDU\������DQG�'HFHPEHU������PHWHRURORJLFDO�HSLVRGHV�

'DWH ���� ���� ����

-DQXDU\������(SLVRGH

-DQ�� �� �� ��

-DQ�� ��� ��� ���

-DQ�� ��� ��� ���

-DQ�� ��� ��� ���

-DQ�� ��� ��� ���

-DQ�� �� �� ��

-DQ�� ��� ��� ���

-DQ�� �� �� ��

'HFHPEHU������(SLVRGH

'HF��� ��� ��� ���

'HF��� �� �� ��

'HF��� �� �� ��

'HF��� �� ��� ���

'HF��� ��� ��� ���

7KH�'(4�UHVLGHQWLDO�ZRRG�EXUQLQJ�EDQ�SURJUDP�FRPSULVHV�D�WLHUHG�DSSURDFK��ZLWK�D

YROXQWDU\�EDVHG�EDQ�WULJJHUHG�DW�UHODWLYHO\�PRGHUDWH�30���OHYHOV��IROORZHG�E\�D�PDQGDWRU\�EDQ

WULJJHUHG�DW�KLJKHU�30���OHYHOV���6SHFLILFDOO\��WKH�YROXQWDU\�EXUQ�EDQ�LV�FDOOHG�IRU�$GD�DQG

&DQ\RQ�&RXQWLHV�ZKHQ�WKH�SUHFHGLQJ�GD\·V�PD[LPXP�PRQLWRUHG����KRXU�30���FRQFHQWUDWLRQ

H[FHHGV����µJ�P��DW�DQ\�PRQLWRULQJ�ORFDWLRQ��7KH�DVVXPHG�HIIHFWLYHQHVV�RI�WKH�YROXQWDU\

UHGXFWLRQ�LV�D�����UHGXFWLRQ�LQ�UHVLGHQWLDO�ZRRG�VPRNH�HPLVVLRQV��6HH�WKH������6,3����7KH

PDQGDWRU\�EXUQ�EDQ�LV�FDOOHG�IRU�$GD�&RXQW\�RQO\��DQG�LV�WULJJHUHG�DW�����µJ�P��DQG�DERYH�

7KH�HIIHFWLYHQHVV�RI�WKLV�FRQWURO�LV�DVVXPHG�WR�EH�������$FFRUGLQJ�WR�WKH�'(4��WKH�YROXQWDU\

DQG�PDQGDWRU\�EDQV�UHPDLQ�LQ�HIIHFW�XQWLO�WKH�'(4�LGHQWLILHV�ZKHQ�WKH�SUHYDLOLQJ

PHWHRURORJLFDO�FRQGLWLRQV�LPSURYH�WR�HQG�WKH�SROOXWLRQ�HSLVRGH���$�EDQ�RQ�RSHQ�EXUQLQJ�LV�DOVR

FDOOHG�IRU�$GD�&RXQW\��1DPSD��DQG�&DOGZHOO�EDVHG�RQ�D����µJ�P��WULJJHU��KRZHYHU��WKLV�ZDV

QRW�FRQVLGHUHG�LQ�WKH�IXWXUH�\HDU�DQDO\VHV�DV�QR�RSHQ�EXUQLQJ�HPLVVLRQV�ZHUH�LQFOXGHG�LQ�WKH

PRGHOLQJ�LQYHQWRULHV�

,Q�WKH�-DQXDU\������FDVH�GHVFULEHG�DERYH��QR�EXUQ�EDQ���WKH�VLPXODWHG����KRXU�30��

FRQFHQWUDWLRQ�RQ�-DQXDU\���DW�%RLVH�)LUH�6WDWLRQ����H[FHHGHG�WKH�YROXQWDU\�WULJJHU�LQ�DOO�WKUHH

IXWXUH�\HDUV����������DQG����µJ�P�����7KH�%RLVH�)LUH�6WDWLRQ����KDV�WKH�KLJKHVW�KLVWRULFDO
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PHDVXUHG�YDOXH�RI�30���LQ�WKH�7UHDVXUH�9DOOH\���7KHUHIRUH��WKH�HPLVVLRQV�LQYHQWRU\�ZDV

UHYLVHG�IRU�-DQXDU\�����WR�LQFOXGH�D�����UHGXFWLRQ�LQ�UHVLGHQWLDO�ZRRG�FRPEXVWLRQ�HPLVVLRQV�

:KLOH�WKH�UXOH�FDOOV�IRU�D�YROXQWDU\�EDQ�LQ�ERWK�$GD�DQG�&DQ\RQ�&RXQWLHV��FRQWUROV�ZHUH�RQO\

DSSOLHG�WR�WKH�PRGHOLQJ�LQYHQWRU\�LQ�$GD�&RXQW\�

)LJXUH�������6SDWLDO�GLVWULEXWLRQ�RI�SUHGLFWHG����KRXU�30���RQ�-DQXDU\���������IRU�WKH�����

IXWXUH�\HDU�XQFRQWUROOHG�FDVH���7KH�PD[LPXP�QRWHG�DW�������µJ�P� LV�SUHGLFWHG�LQ�&DQ\RQ

&RXQW\��WKH�PD[LPXP�LQ�1RUWKHUQ�$GD�&RXQW\�LV�����µJ�P��

,Q�WKH�'HFHPEHU������FDVH�GHVFULEHG�DERYH��WKH�VLPXODWHG����KRXU�30���RQ�'HFHPEHU����DW

%)6��H[FHHGHG�WKH�YROXQWDU\�WULJJHU�LQ������DQG����������DQG����µJ�P����DQG�H[FHHGHG�WKH

PDQGDWRU\�WULJJHU�LQ�����������µJ�P�����+RZHYHU��VLQFH�WKH�VLPXODWLRQV�RI�DOO�WKUHH�IXWXUH

\HDUV�VKRZHG�PDLQWHQDQFH�LQ�1RUWKHUQ�$GD�&RXQW\��7DEOH�������DGGLWLRQDO�VLPXODWLRQV�ZLWK

EXUQ�EDQV�LQFOXGHG�ZHUH�QRW�XQGHUWDNHQ�IRU�WKH�'HFHPEHU������SHULRG�
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7DEOH�����GLVSOD\V�WKH�SUHGLFWHG�SHDN����KRXU�30���LQ�1RUWKHUQ�$GD�&RXQW\�IRU�HDFK�GD\�RI

WKH�-DQXDU\�HSLVRGH�ZKHQ�WKH�YROXQWDU\�EXUQ�EDQV�ZHUH�LQFOXGHG�LQ�WKH�HPLVVLRQV�LQYHQWRU\�

1RWH�WKDW�WKH�YROXQWDU\�PHDVXUH�ZDV�HVWLPDWHG�WR�EH�VXIILFLHQW�WR�PDLQWDLQ�WKH�30���VWDQGDUG

LQ�1RUWKHUQ�$GD�&RXQW\��VHH�)LJXUH�����IRU�WKH������FDVH����2Q�-DQXDU\��WK��SUHGLFWHG

FRQFHQWUDWLRQV�DW�%)6��UHDFKHG�����������DQG�����µJ�P��LQ�WKH�WKUHH�IXWXUH�\HDUV���7KLV

ZRXOG�WULJJHU�WKH�PDQGDWRU\�EXUQ�EDQ�WKURXJK�WKH�UHPDLQGHU�RI�WKH�HSLVRGH��-DQXDU\������

KRZHYHU��WKH�DGGLWLRQDO�FRQWUROV�ZHUH�QRW�PRGHOHG�DV�WKH�YROXQWDU\�EDQ�ZDV�SUHGLFWHG�WR�EH

VXIILFLHQW�WR�UHDFK�DWWDLQPHQW�

)LJXUH�������6SDWLDO�GLVWULEXWLRQ�RI�SUHGLFWHG����KRXU�30���RQ�-DQXDU\���������IRU�WKH�����

IXWXUH�\HDU�FDVH�ZLWK�YROXQWDU\�EXUQ�EDQ�DSSOLHG�LQ�1RUWKHUQ�$GD�&RXQW\��7KH�PD[LPXP

QRWHG�DW�������µJ�P� LV�SUHGLFWHG�LQ�&DQ\RQ�&RXQW\��WKH�PD[LPXP�LQ�1RUWKHUQ�$GD�&RXQW\�LV

����µJ�P��
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7DEOH�������3UHGLFWHG�SHDN����KRXU�30����µJ�P���LQ�1RUWKHUQ�$GD�&RXQW\�LQ�WKUHH�IXWXUH

\HDUV�RYHU�WKH�-DQXDU\������PHWHRURORJLFDO�HSLVRGH���7KLV�FDVH�LQFOXGHG�D�����YROXQWDU\

UHGXFWLRQ�LQ�UHVLGHQWLDO�ZRRG�VPRNH�HPLVVLRQV�LQ�$GD�&RXQW\�

'DWH ���� ���� ����

-DQXDU\������(SLVRGH

-DQ�� �� �� ��

-DQ�� �� �� ���

-DQ�� ��� ��� ���

-DQ�� ��� ��� ���

-DQ�� �� �� ��

-DQ�� �� �� ��

-DQ�� ��� ��� ���

-DQ�� �� �� ��

�����5HFHSWRU�0RGHOLQJ�5HVXOWV

7KH�JHQHUDO�REMHFWLYH�RI�WKH�UHFHSWRU�PRGHOLQJ�DQDO\VLV�ZDV�WR�FRPSDUH�DPELHQW�VSHFLDWHG�30

FRQFHQWUDWLRQV�DW�WKH�DWWDLQPHQW�GHPRQVWUDWLRQ�PRQLWRULQJ�VLWH�ORFDWHG�DW�WKH�%RLVH�)LUH�6WDWLRQ

���%)6���ZLWK�HPLVVLRQ�VRXUFH�VSHFLDWLRQ�SURILOHV���$V�VXFK��WKH�UHFHSWRU�PRGHOLQJ�UHVXOWV

UHSRUWHG�KHUH�DUH�UHOHYDQW�RQO\�WR�WKDW�PRQLWRULQJ�VLWH�

$PELHQW��PHDVXUHG��DQG�VRXUFH��HPLVVLRQV��FKHPLFDO�SURILOHV�ZHUH�FRPSDUHG�XVLQJ�D�EDVLF

&KHPLFDO�0DVV�%DODQFH��&0%��PRGHO��DV�ZHOO�DV�WZR�K\EULG�PRGHOV�WKDW�LQFRUSRUDWHG�DVSHFWV

RI�WKH�&0%�PRGHO�DQG�DVSHFWV�RI�WKH�HPLVVLRQ�LQYHQWRU\���$SSOLFDWLRQ�RI�WKHVH�PRGHOV�RQ�WKH

WZR�KLJKHVW������30���HSLVRGH�GD\V�DW�%)6��LQGLFDWHG�WKDW�HPLVVLRQV�IURP�JDVROLQH�SRZHUHG

YHKLFOHV��GLHVHO�SRZHUHG�YHKLFOHV�DQG�ZRRG�FRPEXVWLRQ�ZHUH�UHVSRQVLEOH�IRU�DERXW�HTXDO

SRUWLRQV�RI�WKH�30���PDVV�DQG�WRJHWKHU�DFFRXQWHG�IRU�����RI�WKH�PDVV�DV�LQGLFDWHG�LQ�)LJXUH

������2WKHU�FRPEXVWLRQ�VRXUFHV�DQG�URDG�GXVW�DFFRXQWHG�IRU�����DQG�����UHVSHFWLYHO\�

6HFRQGDU\�30�VSHFLHV�ZHUH�UHVSRQVLEOH�IRU�DERXW�����RI�WKH�30���PDVV�RQ�WKHVH�WZR�KLJK

30���HSLVRGH�GD\V�LQ������

)RU�WKH�WZR�KLJKHVW�VWXG\�GD\V�LQ�������WKH�WRWDO�30���PDVV��WKH�VSHFLDWHG�PDVV�EXGJHW��DQG

VRXUFH�FRQWULEXWLRQV�ZHUH�QRW�UHSUHVHQWDWLYH�RI�WKH�30���H[FHHGDQFH�PHDVXUHPHQWV�LQ�����

�)LJXUH�������EXW�SURYLGH�VXEVWDQWLDO�YDULDELOLW\�ZLWK�ZKLFK�WR�WHVW�DQG�HYDOXDWH�GLVSHUVLRQ

PRGHO�DSSOLFDWLRQV���'HFHPEHU�����������RQH�RI�WKH�ORZHVW�30���GD\V�GXULQJ�WKH������VWXG\

SHULRG������J�Pó���ZDV�VLPLODU�WR�WKH������30���HSLVRGH�GD\V�LQ�WKDW�WKH�VHFRQGDU\�30��

FRPSRQHQW�DFFRXQWHG�IRU�����RI�WKH�30���DQG�URDG�GXVW�DFFRXQWHG�IRU����RI�WKH�PDVV���2Q

WKLV�GD\��DERXW�����RI�WKH�12[�DQG�DERXW�����RI�WKH�62[�ZHUH�FRQYHUWHG�WR�QLWUDWH�DQG

VXOIDWH��UHVSHFWLYHO\�

0RGHO�DQG�VWDWLVWLFDO�DQDO\VLV�UHVXOWV�LQGLFDWH�WKDW�30���FRQFHQWUDWLRQV�PHDVXUHG�DW�%)6��DUH

GRPLQDWHG�E\�ZHOO�PL[HG�SULPDU\�DQG�VHFRQGDU\�SUHFXUVRU�HPLVVLRQV�IURP�DUHD�DQG�PRELOH

VRXUFHV�LQ�WKH�JHQHUDO�DUHD�RI�WKH�PRQLWRU���%DVHG�RQ�WKHVH�FRQFOXVLRQV��IXWXUH�30���LPSDFWV

VKRXOG�EH�SURSRUWLRQDO�WR�WKH�UDWLR�RI�IXWXUH�HPLVVLRQ�LQYHQWRULHV�UHODWLYH�WR�WKH�HPLVVLRQV

GXULQJ�WKH�ZLQWHU�RI�������DVVXPLQJ�VLPLODU�PHWHRURORJ\�WR�WKH�WZR�KLJKHVW������30���HSLVRGH

GD\V�DQG�VLPLODU�FRQYHUVLRQ�IUDFWLRQV�WR�WKRVH�PHDVXUHG�RQ�'HFHPEHU������������)XWXUH
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DWWDLQPHQW�XQGHU�ZRUVW�FDVH�PHWHRURORJLFDO�FRQGLWLRQV�FRXOG�EH�VKRZQ�E\�GHPRQVWUDWLQJ

FRQWURO�RI�HPLVVLRQV�IURP�WKHVH�VSHFLILF�VRXUFH�FDWHJRULHV���,PSDFWV�IURP�LQGXVWULDO�VRXUFHV

ZHUH�HVWLPDWHG�WR�EH�OHVV�WKDQ������J�Pó�RU�OHVV�WKDQ�DERXW����RQ�WKHVH�KLJK�30���GD\V�

)LJXUH�����FRPSDUHV�WKH�&0%�(,6�UHVXOWV�IRU�WKH�WZR�KLJKHVW�30���GD\V�LQ�WKH�'HFHPEHU

�����VWXG\�SHULRG�ZLWK�WKH�WZR�KLJKHVW�30���H[FHHGDQFH�GD\V�LQ�������1RWH��7KHVH�&0%

UHVXOWV�DUH�DSSOLFDEOH�RQO\�WR�WKH�DWWDLQPHQW�GHPRQVWUDWLRQ�PRQLWRULQJ�VLWH�ORFDWHG�DW�WKH�%RLVH

1R����)LUH�6WDWLRQ�

)LJXUH�������&RPSDULVRQ�RI�&0%�(,6�UHVXOWV�IRU�WKH�WZR�KLJKHVW�30���GD\V�LQ�WKH�'HFHPEHU

�����VWXG\�SHULRG�ZLWK�WKH�WZR�KLJKHVW�30���H[FHHGDQFH�GD\V�LQ������

����$QQXDO�6SHFLDWHG�/LQHDU�5ROOEDFN�0RGHOLQJ

������%DFNJURXQG

$OWKRXJK�WKH�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQV�LQ�$GD�&RXQW\�KDYH�QHYHU�H[FHHGHG�WKH

1$$46��WKH�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQV�IRU�IXWXUH�\HDUV�PXVW�EH�HVWLPDWHG�IRU�WKH

30��0DLQWHQDQFH�3ODQ��DV�HPLVVLRQV�FKDQJHV�ZRXOG�DIIHFW�DLU�TXDOLW\�LQ�WKH�DUHD�

7KH�30���VSHFLDWHG�OLQHDU�UROOEDFN�PRGHO�XVHG�LQ�WKLV�DQDO\VLV�ZDV�RULJLQDOO\�GHYHORSHG�E\�WKH

'HVHUW�5HVHDUFK�,QVWLWXWH�LQ�WKHLU�PRGHOLQJ�RI�7UHDVXUH�9DOOH\�30���LQ��������7KH�PRGHO�XVHV

1991

Gas Vehic.

Road Dust
Other 
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Resid. 
Wood 
Comb.
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163 µg/m³
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FKHPLFDOO\�UHVROYHG�EDFNJURXQG�DQG�XUEDQ�DPELHQW�30���FRQFHQWUDWLRQV��HPLVVLRQV

LQYHQWRULHV��DQG�VRXUFH�VSHFLILF�FKHPLFDO�SURILOHV�WR�DVVHVV�WKH�LPSDFWV�RI�PDMRU�DLU�SROOXWLRQ

VRXUFHV�RQ�30���OHYHOV�

/LQHDU�UROOEDFN�DVVXPHV�WKDW�WKH�FKDQJH�LQ�DPELHQW�SROOXWDQW�FRQFHQWUDWLRQ�LQ�H[FHVV�RI

EDFNJURXQG�LV�SURSRUWLRQDO�WR�WKH�FKDQJH�LQ�WKH�EDVLQ�ZLGH�HPLVVLRQ�UDWH���6XVSHQGHG

SDUWLFXODWH�PDWWHU�LV�FRPSRVHG�RI�VHYHUDO�PDMRU�FKHPLFDO�FRPSRQHQWV��QRWDEO\�JHRORJLFDO

PDWHULDO��RUJDQLF�FDUERQ��HOHPHQWDO�FDUERQ��DPPRQLXP�VXOIDWH��DQG�DPPRQLXP�QLWUDWH���0RVW

RI�WKH�ILUVW�WKUHH�PDWHULDOV�DUH�GLUHFWO\�HPLWWHG�E\�VRXUFHV��SULPDU\�SDUWLFOHV����$PPRQLXP

QLWUDWH�DQG�DPPRQLXP�VXOIDWH�DUH�FKHPLFDOO\�IRUPHG�LQ�WKH�DWPRVSKHUH�IURP�HPLVVLRQV�RI

DPPRQLD��VXOIXU�GLR[LGH��DQG�R[LGHV�RI�QLWURJHQ�JDVHV��VHFRQGDU\�SDUWLFOHV����,I�´VSHFLDWHGµ

OLQHDU�UROOEDFN�PRGHOLQJ�LV�DSSOLHG�WR�HDFK�RI�WKHVH�FKHPLFDO�FRPSRQHQWV��UDWKHU�WKDQ�WR�WRWDO

30���FRQFHQWUDWLRQ��ZH�FDQ�UHVROYH�WKH�FKDQJHV�LQ�30���E\�VSHFLHV�DV�WKH�LQYHQWRU\�JURZV�

DFFRUGLQJ�WR�FKHPLFDO�SURILOHV�NQRZQ�IRU�HDFK�PDMRU�VRXUFH�VHFWRU���7KLV�IXUWKHU�SURYLGHV�DQ

DSSUR[LPDWLRQ�WR�ZKLFK�UHGXFWLRQ�VWUDWHJLHV�DPRQJ�HPLVVLRQ�VHFWRUV�PLJKW�UHVXOW�LQ�WKH�PRVW

HIILFLHQW�DSSURDFK�WR�ORZHU�DPELHQW�FRQFHQWUDWLRQV�

0RGHOHG�30���FRPSRQHQW�FRQFHQWUDWLRQV�DUH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�
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ZKHUH�(L��&L��DQG�EJL�DUH�WKH�HPLVVLRQV��FRQFHQWUDWLRQV��DQG�EDFNJURXQG�FRQFHQWUDWLRQV�RI

FRPSRQHQW�L���7KH�VXSHUVFULSWV�I�DQG�E�LQGLFDWH�IXWXUH��FRQWUROOHG��DQG�EDVH�FDVHV�

/LQHDU�UROOEDFN�GRHV�QRW�FRQVLGHU�WKH�HIIHFWV�RI�PHWHRURORJLFDO�WUDQVSRUW�EHWZHHQ�VRXUFH�DQG

UHFHSWRU��QRU�RI�GLIIHUHQFHV�LQ�JDV�WR�SDUWLFOH�FRQYHUVLRQ�UDWHV�IRU�GLIIHUHQW�SUHFXUVRUV���,W�LV

PRVW�YDOLG�IRU�VSDWLDO�DQG�WHPSRUDO�DYHUDJHV�RI�DPELHQW�FRQFHQWUDWLRQV�WKDW�UHSUHVHQW�WKH�HQWLUH

DLUVKHG�FRQWDLQLQJ�XUEDQ�VFDOH�VRXUFHV���7KH�HIIHFW�RI�WUDQVSRUW�IURP�GLVWDQW�VRXUFHV�ORFDWHG

RXWVLGH�WKH�DLUVKHG�LV�WDNHQ�LQWR�DFFRXQW�E\�VXEWUDFWLQJ�RXW�EDFNJURXQG�FRQFHQWUDWLRQV�IURP�WKH

WRWDO�PHDVXUHG�LQ�EDVLQ�

�������5HVXOWV�RI�5ROOEDFN�0RGHOLQJ

)RU�WKLV�VWXG\��VSHFLDWHG�UROOEDFN�PRGHOLQJ�DVVXPHV�WKDW�WKH�DHURVRO�LV�PDGH�XS�RI�ILYH�PDMRU

FRPSRQHQWV��JHRORJLF�PDWHULDO��RUJDQLF�PDVV��HOHPHQWDO�FDUERQ��DPPRQLXP�VXOIDWH��DQG

DPPRQLXP�QLWUDWH���3URMHFWHG�LQFUHDVHV�LQ�DPELHQW�30���IRU�IXWXUH�\HDUV�DUH�HYDOXDWHG�RQ�D

FRPSRQHQW�E\�FRPSRQHQW�EDVLV���6SHFLDWHG�UROOEDFN�PRGHOLQJ�UHTXLUHV�WKUHH�W\SHV�RI�GDWD�VHWV�

DPELHQW�VSHFLDWHG�FRQFHQWUDWLRQV��EDVH�DQG�IXWXUH�\HDU�HPLVVLRQV�LQYHQWRULHV�E\�PDMRU�VRXUFH

FDWHJRU\��DQG�VRXUFH�VSHFLILF�FKHPLFDO�SURILOHV�

&HUWDLQ�LQSXW�GDWD�FRPSRQHQWV�ZHUH�WDNHQ�IURP�SUHYLRXV�30���UROOEDFN�PRGHOLQJ��'5,�������

FRQGXFWHG�LQ�$GD�DQG�&DQ\RQ�&RXQWLHV���7KHVH�LQFOXGHG�VRXUFH�VSHFLILF�FKHPLFDO�SURILOHV�

ZKLFK�DUH�XVHG�WR�FRQYHUW�HPLVVLRQV�WR�LQFUHPHQWDO�30���VSHFLHV�FRQFHQWUDWLRQV���7KH�DQQXDO

30���PDVV�EXGJHW�IRU�WKH�ILYH�FRPSRQHQWV�OLVWHG�DERYH�ZDV�WDNHQ�IURP�D�IRXU�\HDU�DYHUDJH�RI

PHDVXUHPHQWV�DW�%RLVH�)LUH�6WDWLRQ�����$OVR��DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�����
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ZHUH�HVWLPDWHG�IURP�WKH�,03529(�VDPSOHU�RSHUDWHG�DW�WKH�-DUELGJH�:LOGHUQHVV�$UHD�LQ

QRUWKHUQ�1HYDGD�

7KH�QHZ�FRPSRQHQW�LQ�WKLV�URXQG�RI�UROOEDFN�PRGHOLQJ�LQFOXGHG�XSGDWHG�DQQXDO�HPLVVLRQV

HVWLPDWHV�RI�30����12[��DQG�62[�IRU������DQG�VHYHUDO�IXWXUH�\HDUV��$SSHQGL[�$����7KH�EDVH

\HDU��������DQQXDO�DYHUDJH�30�� FRQFHQWUDWLRQ�ZDV������µJ�P�PHDVXUHG�DW�%RLVH�)LUH�6WDWLRQ

����7KH�UHVXOWV�RI�UROOEDFN�PRGHOLQJ�DUH�VXPPDUL]HG�LQ�7DEOH�����DQG�)LJXUH�����

7DEOH�������3UHGLFWHG�30�� OHYHOV�E\�UROOEDFN�PRGHOLQJ���J�P���

<HDU *HRORJLF 2UJDQLF

(OHPHQWDO

&DUERQ

$PPRQLXP

6XOIDWH

$PPRQLXP

1LWUDWH 30��

���� ���� ��� ��� ��� ��� ����

���� ���� ��� ��� ��� ��� ����

���� ���� ��� ��� ��� ��� ����

���� ���� ��� ��� ��� ��� ����

���� ���� ��� ��� ��� ��� ����

7KH�IXWXUH�LQGXVWULDO�HPLVVLRQV�ZHUH�EDVHG�RQ�PD[LPXP�SRWHQWLDO�HPLVVLRQV�IRU�QRQ�SHUPLWWHG

IDFLOLWLHV��DQG�PD[LPXP�DOORZDEOH�HPLVVLRQV�IRU�SHUPLWWHG�IDFLOLWLHV���,W�LV�WKHUHIRUH�OLNHO\�WKDW

IXWXUH�HPLVVLRQV�IRU�WKHVH�VRXUFHV�DUH�RYHU�HVWLPDWHG���)URP������WR�������LQGXVWULDO

HPLVVLRQV�DUH�SURMHFWHG�WR�UHPDLQ�DW�WKH�VDPH�PD[LPXP�SRWHQWLDO�OHYHO�DV�LQ��������+HQFH�

FKDQJHV�LQ�SURMHFWHG�FRQFHQWUDWLRQV�EHWZHHQ������DQG������DUH�EDVHG�RQ�LQFUHDVHV�LQ�PRELOH

DQG�DUHD�HPLVVLRQV�GXH�WR�SRSXODWLRQ�DQG�HFRQRPLF�JURZWK�

)LJXUH�������3UHGLFWLRQ�RI�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQV�E\�VSHFLDWHG�UROOEDFN�PRGHOLQJ�

7KH�YDOXHV�IRU�\HDU������ZHUH�PHDVXUHG�

Rollback Predicted Annual Pollutant Concentrations
Treasure Valley, Idaho
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7KH�PRGHO�SUHGLFWHG�DQQXDO�DYHUDJH�30���FRQFHQWUDWLRQ�LQ�WKH�7UHDVXUH�9DOOH\�IRU������LV���

�J�P����$FFRUGLQJ�WR�WKH�UHFRUG�RI�SDVW�\HDUV��WKH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQ�YDULHV�IURP

\HDU�WR�\HDU���7KLV�LV�SULPDULO\�GXH�WR�LQWHU�DQQXDO�IOXFWXDWLRQV�LQ�WKH�GLVWULEXWLRQ�RI�HSLVRGLF

ZHDWKHU�SDWWHUQV���7KH�KLJK�FRQFHQWUDWLRQ�GD\V�GXULQJ�ZLQWHU�VWDJQDWLRQ�HSLVRGHV�DQG�VPRNH

HYHQWV�GXULQJ�VXPPHU�DQG�IDOO�PDNH�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�DQQXDO�DYHUDJH

FRQFHQWUDWLRQV���$FFRUGLQJ�WR�WKH�GDWD�FROOHFWHG�IURP������WKURXJK�������WKH�30��

FRQFHQWUDWLRQ�UHPDLQHG�YLUWXDOO\�FRQVWDQW�ZKHQ�WKH�KLJKHVW�����RI�GD\V�ZHUH�ILOWHUHG�RXW�

DOWKRXJK�WKH�DUHD�ZDV�JURZLQJ�FRQVLVWHQWO\���7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�FRQWURO�RI�HSLVRGLF

HPLVVLRQV�GXULQJ�ZLQWHU�DQG�VXPPHU�IDOO�KLJK�30���HYHQWV�ZLOO�EH�HIIHFWLYH�LQ�ORZHULQJ�WKH

DQQXDO�DYHUDJH�FRQFHQWUDWLRQV�

,Q�DGGLWLRQ��'(4�FRQGXFWHG�HSLVRGLF�UROOEDFN�PRGHOLQJ�DQG�WKH�UHVXOWV�VKRZ�DWWDLQPHQW

WKURXJK������DQG�WKXV�SURYLGH�IXUWKHU�VXSSRUW�WR�WKH�UHGHVLJQDWLRQ�RI�1RUWKHUQ�$GD�&RXQW\�WR

DWWDLQPHQW���)RU�PRUH�GHWDLOV��VHH�$SSHQGL[�(�

�����$QFLOODU\�0DLQWHQDQFH�'HPRQVWUDWLRQ�0RGHOLQJ

$SSHQGL[�-�SURYLGHV�D�GHVFULSWLRQ�RI�DQFLOODU\�HSLVRGLF�DQG�DQQXDO�PRGHOLQJ�WKDW�ZDV

XQGHUWDNHQ�WR�DGGUHVV�FHUWDLQ�LVVXHV�WKDW�ZHUH�LGHQWLILHG�GXULQJ�WKH�FRDUVH�RI�WKH�SXEOLF

FRPPHQW�SHULRG�IRU�WKH�'UDIW�1RUWKHUQ�$GD�&RXQW\�30���6,3���6SHFLILFDOO\�IRXU�FKDQJHV�ZHUH

PDGH�WR�WKH�30���PRGHOLQJ�GDWDEDVH�

�� 7KH�RQ�URDG�PRWRU�YHKLFOH�HPLVVLRQV�EXGJHW��09(%��IRU�12[�DQG�92&�EHWZHHQ�����

DQG������ZDV�LQFUHDVHG�WR������EDVHOLQH�OHYHOV��SOXV�DQ�DGGLWLRQDO�����EXIIHU���$IWHU

������WKH�09(%�VWHSV�GRZQ�WR�WKH������09(%�DV�HVWDEOLVKHG�LQ�$SSHQGL[�$�

�� 7KH�IXWXUH�\HDU�30���SRLQW�VRXUFH�LQYHQWRU\�ZDV�PRGLILHG�WR��UHPRYH�FHUWDLQ�VRXUFHV�WKDW

ZHUH�PXOWLSO\�FRXQWHG�LQ�WKH�RULJLQDO�IXWXUH�\HDU�LQYHQWRU\��UHGXFH�WKH�SHUPLWWHG�OHYHOV�IRU

RQH�SDUWLFXODU�FRQVWUXFWLRQ�UHODWHG�VRXUFH��DQG�DFFRXQW�IRU�WKH�SRWHQWLDO�VDOH�RI�30��

HPLVVLRQ�FUHGLWV�

�� &$0[�ZDV�UHUXQ�IRU������DQG������WR�HQVXUH�WKDW�WKH����KRXU�30���VWDQGDUG�LV

PDLQWDLQHG�ZLWK�WKH�FKDQJHV�LQFRUSRUDWHG�LQWR�WKH�IXWXUH�\HDU�HPLVVLRQV�LQYHQWRU\�

�� 7KH�DQQXDO�VSHFLDWHG�OLQHDU�UROOEDFN�PRGHO�ZDV�UHUXQ�IRU������WR�HQVXUH�PDLQWHQDQFH�RI

WKH�DQQXDO�30���VWDQGDUG�WKURXJK������XVLQJ�WKH�09(%�12[�FKDQJHV�GHVFULEHG�DERYH�

7KH�QHZ�HSLVRGLF�DQG�DQQXDO�PRGHOLQJ�UHVXOWV�VKRZ�WKDW�WKH�PRGLILFDWLRQV�WR�WKH�IXWXUH�\HDU

HPLVVLRQ�LQYHQWRU\�GLG�QRW�VLJQLILFDQWO\�DOWHU�WKH�IXWXUH�\HDU�FRQFHQWUDWLRQ�HVWLPDWHV��DQG�WKDW

WKH�HSLVRGLF�DQG�DQQXDO�30���VWDQGDUGV�DUH�PDLQWDLQHG�LQ�DOO�IXWXUH�\HDUV�H[DPLQHG�

�����&RQWLQXHG�$LU�0RQLWRULQJ�DQG�9HULILFDWLRQ�RI�$WWDLQPHQW

7KH�'(4�LV�UHVSRQVLEOH�IRU�PRQLWRULQJ�30���OHYHOV�LQ�WKH�7UHDVXUH�9DOOH\��LQFOXGLQJ�1RUWKHUQ

$GD�&RXQW\���'(4�FRPPLWV�WR�FRPSO\�ZLWK�WKH�FRQWLQXHG�DLU�PRQLWRULQJ�UHTXLUHPHQW�RI�7LWOH

,,,��6HFWLRQ������RI�WKH�&$$���7KH�30���VLWHV�DUH�RSHUDWHG�LQ�FRPSOLDQFH�ZLWK�(3$

PRQLWRULQJ�JXLGHOLQHV�VHW�IRUWK�LQ����&)5�3DUW�����$PELHQW�$LU�4XDOLW\�6XUYHLOODQFH��DQG

$SSHQGLFHV�$�WKURXJK�*�RI�3DUW����
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2Q�DQ�DQQXDO�EDVLV��WKH�'(4�ZLOO�DQDO\]H�WKH�WKUHH�PRVW�UHFHQW�FRQVHFXWLYH�\HDUV�RI�DPELHQW

30���PRQLWRUHG�GDWD�WR�YHULI\�FRQWLQXHG�DWWDLQPHQW�RI�WKH�1$$46�IRU�30����LQ�DFFRUGDQFH

ZLWK����&)5�SDUW����DQG�(3$·V�UHGHVLJQDWLRQ�JXLGHOLQHV���,Q�NHHSLQJ�ZLWK�WKH�UHTXLUHPHQWV�RI

7LWOH�,,,��6HFWLRQ������RI�WKH�&$$��DV�GHILQHG�LQ����&)5�3DUW���������WKH�'(4�ZLOO�FRQWLQXH

WR�VXEPLW�WR�(3$�E\�-XO\���RI�HDFK�\HDU�DQ�DQQXDO�UHSRUW�RI�30���GDWD�FROOHFWHG�GXULQJ�WKH

SUHYLRXV�FDOHQGDU�\HDU���7KHVH�GDWD��DORQJ�ZLWK�WKH�GDWD�FRQWDLQHG�LQ�WKH�DQQXDO�UHSRUWV�IRU�WKH

SUHYLRXV�WZR�\HDUV��ZLOO�SURYLGH�DOO�WKH�QHFHVVDU\�LQIRUPDWLRQ�WR�GHWHUPLQH�ZKHWKHU�1RUWKHUQ

$GD�&RXQW\�FRQWLQXHV�WR�FRPSO\�ZLWK�WKH�30���1$$46�

�����3HUPLWWLQJ�3URJUDP�WR�(QVXUH�WKDW�1HZ�6RXUFHV�ZLOO�QRW�-HRSDUGL]H�&RQWLQXHG

0DLQWHQDQFH

,GDKR�$GPLQLVWUDWLYH�&RGH�UXOHV�IRU�DLU�SROOXWLRQ�FRQWURO����������������3HUPLW�5HTXLUHPHQWV

IRU�1HZ�0DMRU�)DFLOLWLHV�RU�0DMRU�0RGLILFDWLRQV�LQ�1RQDWWDLQPHQW�$UHDV�DQG�LQ�WKH�)RUPHU

30����1RUWKHUQ�$GD�&RXQW\�1RQDWWDLQPHQW�$UHD��5XOHV�IRU�WKH�&RQWURO�RI�$LU�3ROOXWLRQ�LQ

,GDKR��DSSOLHV�WR�QHZ�PDMRU�VRXUFHV�RU�PDMRU�PRGLILFDWLRQV�RI�H[LVWLQJ�VRXUFHV�ORFDWHG�LQ

1RUWKHUQ�$GD�&RXQW\�´IRUPHU�30���QRQDWWDLQPHQW�DUHD�µ��)ROORZLQJ�UHGHVLJQDWLRQ��WKH�UXOHV

ZLOO�DSSO\�IRU�DQ\�PDMRU�VRXUFH�RU�PDMRU�PRGLILFDWLRQV�RI�H[LVWLQJ�VRXUFHV�ORFDWHG�LQ�WKH

1RUWKHUQ�$GD�&RXQW\�PDLQWHQDQFH�DUHD���7KHVH�UHYLVHG�UXOHV�ZHUH�VXEPLWWHG�WR�(3$�LQ�����

DQG�DUH�XQGHU�UHYLHZ�DW�WKH�SUHVHQW�WLPH���(3$�ZLOO�DFW�XSRQ�DSSURYLQJ��RU�GLVDSSURYLQJ�

WKHVH�QHZ�VRXUFH�UHYLHZ�UXOHV�VHSDUDWHO\�IURP�WKLV�30���0DLQWHQDQFH�3ODQ�VXEPLWWDO�

,QGXVWULDO�SHUPLWWLQJ�UXOHV�DUH�IRXQG�LQ�,'$3$�������������������������������������DQG

�����������������

�����&RPPLWPHQW�WR�5HYLHZ�DQG�8SGDWH�0DLQWHQDQFH�3ODQ

7KH�'(4�FRPPLWV�WR�VXEPLW�D�PDLQWHQDQFH�SODQ�IRU�WKH�VHFRQG�WHQ�\HDU�SHULRG�������������

DV�ZHOO�DV�DQ\�QHFHVVDU\�UHYLVLRQ�LQ�WKH�LQWHULP��DV�UHTXLUHG�LQ�6HFWLRQ�����D�����+��RI�WKH

&$$���6HH����)5���������,GDKR�6WDWH�VWDWXWHV��,GDKR�&RGH�6HFWLRQ�������HW��VHT���SURYLGH�WKH

DXWKRULW\�WR�WKH�VWDWH�WR�UHYLVH�6,3V�DQG�VXEVHTXHQW�UHJXODWLRQV�DQG�WKXV�VDWLVI\�WKH�&$$

UHTXLUHPHQWV�

7KH�'(4�ZLOO�HYDOXDWH�WKH�LPSOHPHQWDWLRQ�RI�WKH�0DLQWHQDQFH�3ODQ�DV�SDUW�RI�LWV�DQQXDO

VWUDWHJLF�SODQ�XSGDWH�ZLWK�WKH�5HJLRQ����RIILFH�RI�WKH�8�6��(3$���,W�ZLOO�DOVR�FRRUGLQDWH�WKH

LPSOHPHQWDWLRQ�RI�WKH�SODQ�ZLWK�WKH�6WUDWHJ\�IRU�WKH�'HYHORSPHQW�RI�DQ�$LUVKHG�0DQDJHPHQW

3URJUDP�IRU�WKH�7UHDVXUH�9DOOH\��DQ�DUHD�FRQWDLQLQJ�DOO�RU�SRUWLRQV�RI�VHYHQ�FRXQWLHV�LQ

VRXWKZHVW�,GDKR���7KLV�HIIRUW�ZLOO�DOORZ�D�FORVHU�H[DPLQDWLRQ�RI�WKH�LPSDFW�RI�UDSLGO\�JURZLQJ

&DQ\RQ�&RXQW\�RQ�WKH�RYHUDOO�DLU�TXDOLW\�SODQQLQJ�SURFHVV���5HYLHZV�RI�WKH�0DLQWHQDQFH�3ODQ

ZLOO�DOVR�EH�FRQGXFWHG�RQ�DQ�DV�QHHGHG�EDVLV��VXFK�DV�IRU�WUDQVSRUWDWLRQ�FRQIRUPLW\�EXGJHW

SXUSRVHV���$V�QRWHG�HDUOLHU��WKH�GHVLJQ�YDOXH�IRU�30���ZLOO�EH�FRPSXWHG�DQQXDOO\�DQG�WKH�SODQ

UHYLHZHG�VKRXOG�D�VLJQLILFDQW�XSZDUG�WUHQG�LQ�GHVLJQ�YDOXHV�RFFXU���)LQDOO\��LI�DQ\�RI�WKH

XQGHUO\LQJ�(3$�DVVXPSWLRQV�DUH�PRGLILHG��VXFK�DV�WKH�PRWRU�YHKLFOH�HPLVVLRQV�PRGHO�RU�D

ODUJH�LQFUHDVH�LQ�LQGXVWULDO�RU�IXJLWLYH�GXVW�HPLVVLRQV��WKH�SODQ�ZLOO�EH�UHYLHZHG�IRU�SRVVLEOH

UHYLVLRQV�
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�����$'0,1,675$7,9(�5(48,5(0(176

�����&RQVXOWDWLRQ�DQG�3XEOLF�1RWLILFDWLRQ�3URFHGXUHV

6HFWLRQ�����D�����0��UHTXLUHV�WKDW�6,3V�SURYLGH�IRU�SXEOLF�FRQVXOWDWLRQ�DQG�SDUWLFLSDWLRQ�E\

DIIHFWHG�ORFDO�SROLWLFDO�VXEGLYLVLRQV��6HH����)5���������7KH�SXEOLF�SDUWLFLSDWLRQ�HIIRUWV�E\

'(4�DQG�RWKHU�DJHQFLHV�RQ�WKH�GHYHORSPHQW�RI�WKH�1RUWKHUQ�$GD�&RXQW\�30���0DLQWHQDQFH

3ODQ�KDV�EHHQ�H[WHQVLYH��EHJLQQLQJ�ZLWK�WKH�VHWWOHPHQW�RI�WKH�ODZVXLW�ZLWK�WKH�,GDKR�&OHDQ�$LU

)RUFH��HW��DO���7KHVH�LQFOXGHG�WKH�LPSOHPHQWDWLRQ�RI�VHYHUDO�SURYLVLRQV�RI�WKH�6HWWOHPHQW

$JUHHPHQW�VXFK�DV�DQQXDO�RIIVHWWLQJ�RI�JURZWK�RI�30���HPLVVLRQV�IURP�WUDQVSRUWDWLRQ�VRXUFHV

LQ�WKH�WHPSRUDU\�DEVHQFH�RI�D�WUDQVSRUWDWLRQ�FRQIRUPLW\�SURJUDP�LQ�WKH�IRUPHU�QRQDWWDLQPHQW

DUHD���6HFRQGO\��SHUPLW�UHTXLUHPHQWV�IRU�QHZ�RU�PDMRU�PRGLILFDWLRQV�RI�H[LVWLQJ�IDFLOLWLHV�ZHUH

XSJUDGHG�WR�UHSUHVHQW�WKH�UHYLHZ�WKDW�ZRXOG�KDYH�RFFXUUHG�KDG�1RUWKHUQ�$GD�&RXQW\�EHHQ

XQGHU�D�QRQDWWDLQPHQW�FODVVLILFDWLRQ���7KHVH�SURSRVHG�UXOHV�ZHUH�QRWLFHG�DQG�SXEOLF�ZRUNVKRSV

ZHUH�KHOG�LQ�ODWH������DQG�WKHQ�VXEPLWWHG�WR�WKH�(3$�

3XEOLF�LQYROYHPHQW�KDV�DOVR�RFFXUUHG�WKURXJK�WKH�H[WHQVLYH�VHULHV�RI�RSHQ�LQIRUPDWLRQDO

KHDULQJV�FRQGXFWHG�E\�WKH�'(4�RQ�DLU�TXDOLW\�LVVXHV�DQG�VWUDWHJLHV���2Q�-XQH�����������DQ

LQIRUPDWLRQDO�ZRUNVKRS�ZDV�KHOG�DW�'(4�RIILFHV�WR�SURYLGH�WKH�SXEOLF�ZLWK�LQIRUPDWLRQ�RQ�WKH

LQLWLDO�WHFKQLFDO�ILQGLQJV�RI�WKH�30��0DLQWHQDQFH�3ODQ�GHYHORSPHQW�DV�ZHOO�DV�WR�H[SODLQ�WKH

IRUPDW�DQG�VFKHGXOH�IRU�SURSRVLQJ�DQG�DGRSWLQJ�WKH�6,3�

7KH�SXEOLF�FRPPHQW�SHULRG�IRU�WKH�0DLQWHQDQFH�3ODQ�ZDV�RSHQ�IURP�$XJXVW��WK�������WKURXJK

6HSWHPEHU��WK��������DV�UHTXLUHG�E\�,'$3$������������������5XOHV�IRU�WKH�&RQWURO�RI�$LU

3ROOXWLRQ�LQ�,GDKR������&)5�����$SSHQGL[�9�������&ULWHULD��DQG�6HFWLRQ�����RI�WKH�)HGHUDO

&OHDQ�$LU�$FW��$�SXEOLF�KHDULQJ�ZDV�KHOG�RQ�6HSWHPEHU��WK��������LQ�DFFRUGDQFH�ZLWK�WKHVH

UXOHV�

&RPPHQW�SDFNDJHV�WKDW�LQFOXGHG�WKH�0DLQWHQDQFH�3ODQ�DQG�DVVRFLDWHG�DSSHQGLFHV�ZHUH�PDGH

DYDLODEOH�DW�'(4·V�6WDWH�2IILFH�LQ�%RLVH��'(4·V�5HJLRQDO�2IILFH�LQ�%RLVH��DQG�WKH�%RLVH�

1DPSD��&DOGZHOO��DQG�0HULGLDQ�3XEOLF�/LEUDULHV��,Q�DGGLWLRQ��WKH�0DLQWHQDQFH�3ODQ�ZDV�PDGH

DYDLODEOH�IRU�UHYLHZ�RQ�'(4·V�ZHEVLWH��&RPPHQWV�ZHUH�UHFHLYHG�E\�'(4�WKURXJK�SRVWDO

PDLO��HOHFWURQLF�PDLO��DQG�YHUEDO�WHVWLPRQ\�DW�WKH�3XEOLF�+HDULQJ�

2QO\�HLJKW�SXEOLF�FRPPHQWV�UHJDUGLQJ�WKH�0DLQWHQDQFH�3ODQ�ZHUH�UHFHLYHG��DQG�WZR

LQGLYLGXDOV�WHVWLILHG�DW�WKH�SXEOLF�KHDULQJ��&RPSOHWH�GRFXPHQWDWLRQ�RI�FRPPHQWV�DQG�SXEOLF

KHDULQJ�WHVWLPRQ\��SOXV�UHVSRQVHV��LV�FRQWDLQHG�LQ�$SSHQGL[�,�

'(4�UHFHLYHG�VHYHUDO�FRPPHQWV�VXSSRUWLQJ�WKH�0DLQWHQDQFH�3ODQ�DQG�RU�H[SUHVVLQJ

DSSUHFLDWLRQ�RI�'(4·V�SXEOLF�RXWUHDFK�HIIRUWV���7KHVH�FRPPHQWV�GLG�QRW�UHTXLUH�D�UHVSRQVH�RU

DQ\�FKDQJHV�WR�WKH�GRFXPHQW�

&RPPHQWV�QRWLQJ�W\SRJUDSKLFDO�HUURUV�RU�UHTXHVWLQJ�FODULILFDWLRQV�LQ�WH[W�RU�WDEOHV�ZHUH

LQFRUSRUDWHG�LQWR�WKH�ILQDO�GRFXPHQW�

6RPH�FRPPHQWV��VXFK�DV�WKH�QHHG�IRU�SXEOLF�HGXFDWLRQ�RU�WKH�QHHG�WR�DVVHVV�LPSDFWV�WR�WKH

HFRQRP\��ZHUH�RXWVLGH�RI�WKH�VFRSH�RI�WKH�0DLQWHQDQFH�3ODQ��:KLOH�'(4�YDOXHV�WKHVH
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FRPPHQWV�DQG�ZLOO�FRQVLGHU�WKHP�LQ�DLUVKHG�PDQDJHPHQW��WKH\�FDQQRW�EH�DGGUHVVHG�ZLWKLQ�WKH

0DLQWHQDQFH�3ODQ�

'(4�DOVR�UHFHLYHG�D�QXPEHU�RI�FRPPHQWV�WKDW�UDLVHG�LVVXHV�RU�FRQFHUQV�WKDW�GLG�QRW�ZDUUDQW

FKDQJHV�WR�WKH�0DLQWHQDQFH�3ODQ��7KHVH�LQFOXGHG�FRPPHQWV�DERXW�PRGHO�FKRLFH��WKH�DPRXQW

RI�PRQLWRULQJ�DQG�PHWHRURORJLFDO�GDWD�DYDLODEOH��WKH�XVH�RI�PD[LPXP�SRWHQWLDO�HPLVVLRQV�XVHG

IRU�IXWXUH�\HDU�LQGXVWULDO�HPLVVLRQV�HVWLPDWHV��DQG�RWKHU�TXHVWLRQV�DERXW�WHFKQLFDO�GHFLVLRQV�

)RU�WKHVH�FRPPHQWV��'(4�QRWHG�ZKHUH�LQIRUPDWLRQ�RU�WHFKQLFDO�MXVWLILFDWLRQV�FRXOG�EH�IRXQG

LQ�WKH�GRFXPHQW��RU�SURYLGHG�H[SODQDWLRQV�

)LQDOO\��WKH�0DLQWHQDQFH�3ODQ�ZDV�PRGLILHG�LQ�RUGHU�WR�DGGUHVV�D�FRQFHUQ�UDLVHG�E\�WKH�8�6�

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7KH\�QRWHG�WKDW�WKH�12[�DQG�92&�EXGJHWV�LGHQWLILHG�LQ

6HFWLRQ�����DUH�OHVV�WKDQ�12[�DQG�92&�HPLVVLRQV�IRU�RQ�URDG�DQG�URDG�GXVW�VRXUFHV�LGHQWLILHG

IRU�WKH�EDVH�\HDU�DQG������LQ�7DEOH�������7KH\�UHFRPPHQGHG�FRUUHFWLQJ�WKLV�E\�DGGLQJ�D

PDUJLQ�RI�VDIHW\�WR�DYRLG�D�GHWHUPLQDWLRQ�WKDW�WKH�0RWRU�9HKLFOH�(PLVVLRQV�%XGJHWV�IRU�WKHVH

SROOXWDQWV�DUH�LQDGHTXDWH���7KLV�FKDQJH�KDV�EHHQ�LQFRUSRUDWHG�LQWR�WKH�ILQDO�GRFXPHQW�

�����3URKLELWLRQ�RI�6RXUFHV�IURP�,PSDFWLQJ�2WKHU�6WDWHV

6HFWLRQ������D�����'��RI�WKH�&$$�UHTXLUHV�WKDW�'(4�FHUWLI\�WKDW�WKH�IRUPHU�QRQDWWDLQPHQW�DUHD

RI�1RUWKHUQ�$GD�&RXQW\�LV�ORFDWHG�VXIILFLHQWO\�DZD\�IURP�DQ\�DGMDFHQW�VWDWHV��L�H���2UHJRQ�RU

1HYDGD��WKDW�LWV�VRXUFHV�DUH�SUHFOXGHG�IURP�LPSDFWLQJ�WKH�RWKHU�VWDWHV���6HH����)5�������

5HYLHZ�RI�FXUUHQW�DPELHQW�DLU�TXDOLW\�GDWD�UHYHDOV�WKDW�WKHUH�DUH�QR�30�� H[FHHGDQFHV�LQ�HLWKHU

DGMDFHQW�DUHDV�RI�2UHJRQ�RU�1HYDGD���:KLOH�2QWDULR��2UHJRQ��OLHV�MXVW�DFURVV�WKH�6QDNH�5LYHU

IURP�WKH�%RLVH�0HWURSROLWDQ�$UHD��VRXUFHV�LQ�ERWK�&DQ\RQ�DQG�$GD�FRXQWLHV�ZLOO�FRQWLQXH�WR

EH�FRQWUROOHG�RU�KDYH�SHUPLWV�WKDW�ZLOO�OLPLW�WKHLU�JURZWK�XQGHU�WKH�0DLQWHQDQFH�3ODQ�DQG�DUH

QRW�H[SHFWHG�WR�LPSDFW�2UHJRQ�LQ�WKH�IRUHVHHDEOH�IXWXUH�

�����$VVXUDQFH�RI�$GHTXDWH�)XQGLQJ��3HUVRQQHO��DQG�$XWKRULW\

6HFWLRQ�����D�����(��RI�WKH�&$$�UHTXLUHV�WKDW�WKH�6WDWH�KDYH�DGHTXDWH�IXQGLQJ��VWDII��DQG�OHJDO

DXWKRULW\�WR�LPSOHPHQW�WKH�0DLQWHQDQFH�3ODQ���6HH����)5�������

7KH�VWDWH�RI�,GDKR�KDV�DGHTXDWH�IXQGLQJ��SHUVRQQHO�DQG�DXWKRULW\�WR�HQIRUFH�WKH�HPLVVLRQV

OLPLWDWLRQV�DQG�FRQWURO�PHDVXUHV�OLVWHG�LQ�WKLV�SODQ�DQG�FHUWLI\�WKDW�WKHVH�FRQWUROV�DUH�LQ

FRPSOLDQFH�ZLWK�VWDWH�DQG�IHGHUDO�ODZ���7KH�,GDKR�(QYLURQPHQWDO�3URWHFWLRQ�DQG�+HDOWK�$FW

JLYHV�DXWKRULW\�WR�WKH�'LUHFWRU�RI�WKH�,GDKR�'(4�WR�VXSHUYLVH�DQG�DGPLQLVWHU�D�V\VWHP�WR

VDIHJXDUG�DLU�TXDOLW\�LQ�WKH�VWDWH�RI�,GDKR�

���3HUVRQQHO

'(4�KDV�D�3HUPLWV�DQG�(QIRUFHPHQW�%XUHDX�VWDIIHG�E\�RYHU����HPSOR\HHV��LQFOXGLQJ

HQJLQHHUV�DQG�LQVSHFWRUV���7KH�6RXWKZHVW�,GDKR�5HJLRQDO�2IILFH�KDV�WZR�ILHOG�VWDII�WKDW�VSHQGV

D�VLJQLILFDQW�DPRXQW�RI�WKHLU�WLPH�VHUYLFLQJ�WKH�$GD�&RXQW\�%RLVH�30���PRQLWRULQJ�QHWZRUN

DQG�DGPLQLVWHULQJ�WKH�30���SURJUDP���'(4�KHDGTXDUWHUV�KDV�ILYH�RWKHU�VWDII�WKDW�VSHQG�SDUW�RI

WKHLU�WLPH�HLWKHU�UHYLHZLQJ�PHWHRURORJLFDO�FRQGLWLRQV�DQG�GHFODULQJ�EXUQ�EDQV�DQG�RU
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*�?,'(4 %RLVH?30 3ODQ?3ODQ GRFXPHQW?)LQDO?6HF�B$GPLQ�GRF ���

FRQGXFWLQJ�QHFHVVDU\�TXDOLW\�DVVXUDQFH�RQ�DLU�PRQLWRULQJ�GDWD��RU�RYHUVHHLQJ�WKH�ZRRG�VPRNH

SURJUDP�LQ�WKH�$GD�&RXQW\�%RLVH�30���QRQDWWDLQPHQW�DUHD���6LPLODUO\��SHUVRQQHO�DUH�DYDLODEOH

DW�WKH�FRXQW\�DQG�PXQLFLSDO�OHYHO�IRU�HQIRUFLQJ�FXUWDLOPHQWV�SURJUDPV�LQ�*DUGHQ�&LW\��(DJOH

DQG�0HULGLDQ��DQG�XQLQFRUSRUDWHG�$GD�&RXQW\�

���)XQGLQJ

,PSOHPHQWDWLRQ�RI�WKH�VHOHFWHG�FRQWURO�PHDVXUHV�UHOLHV�RQ�IXQGLQJ�IURP�D�YDULHW\�RI�VRXUFHV�

'(4·V�$LU�3URJUDPV�EDVH�JUDQW�LV�RQH�PDLQ�VRXUFH��ZKLFK�IXQGV�SODQQLQJ��FRPSOLDQFH�

FXUWDLOPHQW��DLU�PRQLWRULQJ�DQG�VXUYHLOODQFH�LQ�WKH�$GD�&RXQW\�%RLVH�30���QRQDWWDLQPHQW

DUHD���,GDKR�KDV�DQG�H[SHFWV�WR�PDLQWDLQ�VWDIILQJ�OHYHOV�DGHTXDWH�WR�FRQWLQXH�VXFK

LPSOHPHQWDWLRQ�

����$XWKRULW\

,GDKR�&RGH�������������M����,GDKR�&RGH�����������DQG��������DXWKRUL]H�WKH�%RDUG�RI

(QYLURQPHQWDO�4XDOLW\�WR�SURPXOJDWH�UXOHV�JRYHUQLQJ�DLU�SROOXWLRQ�

6WDWH�6WDWXWH��,GDKR�&RGH�6HFWLRQ�������HW��VHT���7KHVH�FRGHV�JLYH�DXWKRULW\�IRU�6,3

GHYHORSPHQW�LQFOXGLQJ�UHJXODWLRQ�GHYHORSPHQW�WR�WKH�$GPLQLVWUDWRU�RI�WKH�'(4�

�����&RQWURO�5HTXLUHPHQWV�$SSOLHG�WR�0DMRU�6RXUFHV�RI�30���3UHFXUVRUV

6HFWLRQ�����H��RI�WKH�&$$�SURYLGHV�WKDW�WKH�FRQWURO�UHTXLUHPHQWV�IRU�PDMRU�VWDWLRQDU\�VRXUFHV

RI�30���VKDOO�DOVR�DSSO\�WR�PDMRU�VWDWLRQDU\�VRXUFHV�RI�30���SUHFXUVRUV��H[FHSW�ZKHUH�WKH

$GPLQLVWUDWRU�GHWHUPLQHV�WKDW�VXFK�VRXUFHV�GR�QRW�FRQWULEXWH�VLJQLILFDQWO\�WR�30���OHYHOV�WKDW

H[FHHG�WKH�VWDQGDUG�LQ�WKH�DUHD���6HH�)5����������

(3$
V�0D\����������DSSURYDO�RI�WKH�RULJLQDO�30���6,3��6HH����)5��������VHFWLRQ���

FRQFOXGHG�WKDW�LPSRVLQJ�DGGLWLRQDO�FRQWURO�UHTXLUHPHQWV�RQ�PDMRU�VRXUFHV�RI�30�� SUHFXUVRUV

LV�QRW�QHFHVVDU\��'LVSHUVLRQ�PRGHOLQJ�VWXGLHV�FRQGXFWHG�DV�SDUW�RI�WKLV�6,3�GHYHORSPHQW�HIIRUW

IXUWKHU�FRQILUPHG�WKDW�SUHFXUVRUV��VXFK�DV�VXOIDWHV�DQG�QLWUDWHV��ZHUH�OHVV�WKDQ����DQG����

UHVSHFWLYHO\�RI�WKH�REVHUYHG�DQG�SUHGLFWHG�30���PDVV�EXGJHWV�RYHU�'HFHPEHU�������������

�����$SSOLFDEOH�,GDKR�$GPLQLVWUDWLYH�&RGH

7KH�5XOHV�IRU�WKH�&RQWURO�RI�$LU�3ROOXWLRQ�LQ�,GDKR�DUH�ORFDWHG�LQ�WKH�,GDKR�$GPLQLVWUDWLYH

&RGH�DW�,'$3$������������%RWK�WKH�DLU�TXDOLW\�3HUPLW�V��WR�&RQVWUXFW�DQG�7LHU�,,�RSHUDWLQJ

SHUPLW�SURJUDPV�UHTXLUH�D�GHPRQVWUDWLRQ�WKDW�WKH�DLU�SROOXWLRQ�VRXUFH�DW�LVVXH�ZLOO�QRW�FDXVH�RU

FRQWULEXWH�WR�D�YLRODWLRQ�RI�D�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUG��6HH�,'$3$

����������������DQG��������������������*HQHUDOO\��HVWLPDWHV�RI�DPELHQW�FRQFHQWUDWLRQV�DUH

EDVHG�RQ�DSSOLFDEOH�DLU�TXDOLW\�PRGHOV��GDWD�EDVHV��DQG�RWKHU�UHTXLUHPHQWV�VSHFLILHG�LQ����&)5

3DUW�����$SSHQGL[�:��*XLGDQFH�RQ�$LU�4XDOLW\�0RGHOV��DQG��,'$3$�����������������DQG

�������������������7KXV��EHFDXVH�WKH�SHUPLWWLQJ�UXOHV�UHTXLUH�D�1$$46�GHPRQVWUDWLRQ�QHZ

VRXUFHV�FDQQRW�MHRSDUGL]H�FRQWLQXHG�PDLQWHQDQFH�RI�WKH�1$$46�30�� VWDQGDUG�
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,Q�DGGLWLRQ�WR�SHUPLWWLQJ�DXWKRULWLHV��WKH�VWDWH�KDV�WKH�DXWKRULW\�WR�LPSOHPHQW�FRQWUROV�LQ

UHVSRQVH�WR�DLU�SROOXWLRQ�IRUHFDVWV��DOHUWV��ZDUQLQJV��DQG�HPHUJHQF\�HSLVRGHV��,'$3$

�������������WKURXJK���������������

7UDQVSRUWDWLRQ�&RQIRUPLW\�UXOHV�DUH�ORFDWHG�DW�,'$3$��������������WKURXJK��������������

,W�VKRXOG�EH�QRWHG�WKDW�'(4�KDV�LPSOHPHQWHG�WKH�30�� 1$$46�VLQFH�LWV�LQLWLDO�SURPXOJDWLRQ

LQ������
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7KLV�PDLQWHQDQFH�SODQ�GHPRQVWUDWHV�WKDW�WKH�DPELHQW�DLU�TXDOLW\�IRU�WKH�30���1$$46�LQ

QRUWKHUQ�$GD�&RXQW\�LV�DQG�ZLOO�EH�SURWHFWHG�IRU�DW�OHDVW�WKH�QH[W�WHQ�\HDUV���2Q

0D\�����������(3$�DSSURYHG�WKH�DSSOLFDEOH�DWWDLQPHQW�SODQ�IRU�WKH�DUHD�SXUVXDQW�WR�6HFWLRQ

����N��RI�WKH�&$$�����)HG��5HJ�����������7KH�FRQWLQXHG�LPSURYHPHQW�LQ�WKH�DLU�TXDOLW\�LQ

QRUWKHUQ�$GD�&RXQW\�VLQFH������KDV�EHHQ�WKH�UHVXOW�RI�SHUPDQHQW�DQG�HQIRUFHDEOH�UXOHV

FRQWDLQHG�LQ�WKH�DWWDLQPHQW�SODQ�DQG�RWKHU�DFWLRQV�WDNHQ�E\�VWDWH�DQG�ORFDO�DXWKRULWLHV���6LQFH

HQDFWPHQW�RI�WKH�NH\�FRQWURO�VWUDWHJLHV�RI�WKH������DWWDLQPHQW�SODQ��UHVLGHQWLDO�ZRRG�EXUQLQJ

DQG�RSHQ�EXUQLQJ�SURJUDPV��DPELHQW�FRQFHQWUDWLRQV�RI�30���KDYH�FRQWLQXHG�WR�GHFUHDVH

GHVSLWH�UDSLG�SRSXODWLRQ�JURZWK�LQ�WKH�DUHD���7KH�VWDWH�RI�,GDKR�ZLOO�FRQWLQXH�WR�DJJUHVVLYHO\

PRQLWRU�30���FRQFHQWUDWLRQV�LQ�QRUWKHUQ�$GD�&RXQW\�RYHU�WKH�QH[W�WHQ�\HDUV���,I�YLRODWLRQV

RFFXU�RU�DUH�H[SHFWHG�WR�RFFXU��WKLV�PDLQWHQDQFH�SODQ�FRQWDLQV�FRQWLQJHQF\�SURYLVLRQV�WR

HQVXUH�SURPSW�FRUUHFWLYH�DFWLRQ�LV�WDNHQ���7KLV�PDLQWHQDQFH�SODQ�IXOILOOV�WKH�UHTXLUHPHQWV�RI

6HFWLRQ����$�RI�WKH�&$$���7KXV��'(4�UHTXHVWV�WKDW�(3$�GHVLJQDWH�QRUWKHUQ�$GD�&RXQW\

DWWDLQPHQW�IRU�WKH�30���1$$46�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ�����RI�WKH�&$$�
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